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(54) SEMICONDUCTOR DEVICE 

(57) A semiconductor device includes a plurality of 
nonvolatile memory cells (1). Each of the nonvolatile 
memory cells comprises a MOS type first transistor sec- 
tion (3) used for information storage, and a MOS type 
second transistor section (4) which selects the first tran- 
sistor section. The second transistor section has a bit 
line electrode (16) connected to a bit line, and a control 
gate electrode (18) connected to a control gate control 
line. The first transistor section has a source line elec- 
trode (10) connected to a source line, a memory gate 



electrode (14) connected to a memory gate control line, 
and a charge storage region (11) disposed directly be- 
low the memory gate electrode. A gate withstand volt- 
age of the second transistor section Is lower than that 
of the first transistor section. Assuming that the thick- 
ness of a gate insulating film of the second transistor 
section is defined as tc and the thickness of a gate in- 
sulating film of the first transistor section is defined as 
tm, they have a relationship of tc<tm. 
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Description 

TECHNICAL FIELD 

[0001 ] The present invention relates to a semiconduc- 
tor device having a nonvolatile memory, and particularly 
to a technology for reading memory information at high 
speed, e.g., a technology effective if applied to a flash 
memory or a microcomputer or the like including the 
flash memory provided on-chip. 

BACKGROUND ART 

[0002] As nonvolatile memory cells, may be men- 
tioned, a split gate type memory cell and a stack gate 
type memory cell. The split gate type memory cell com- 
prises two transistors of a memory MOS type transistor 
that constitutes a memory section, and a selection MOS 
type transistor for selecting its memory section to there- 
by fetch information therefrom. As a known document, 
there is known a technology described in 1994-Pro- 
ceedings of IEEE, VLSI, Technology Symposium, pp 71 
- 72. A structure and operation of a memory cell de- 
scribed therein will be explained in brief. This split gate 
type memory cell comprises a source, a drain, a floating 
gate and a control gate. As the injection of electrical 
charges into the floating gate, may be mentioned a 
source side injection system using the generation of hot 
electrons. The charges stored in the floating gate are 
ejected from a pointed end of the floating gate to the 
control gate. At this time, there is a need to apply a high 
voltage of 12 volts to the control gate. The control gate 
that functions as a charge ejection electrode, serves 
even as a gate electrode of a reading selection MOS 
type transistor. A gate oxide film for a selection MOS 
type transistor section is a deposited oxide film, which 
functions even as a film for electrically isolating the float- 
ing gate and a gate electrode of the selection MOS type 
transistor. As other known technologies related to the 
split gate type memory cell, there are known, for exam- 
ple, USP Nos. 4,659,828 and 5,408,115, Japanese Un- 
examined Patent Publication No. Hei 5(1 993)-1 36422, 
etc. 

[0003] The stack gate type memory cell comprises a 
source, a drain, and a floating gate and a control gate 
stacked on a channel forming region. The generation of 
hot electrons is used for the injection of electrical charg- 
es into the floating gate. The electrical charges stored 
in the floating gate are ejected toward a substrate. At 
this time, there is a need to apply a negative high voltage 
of -10 volts to the control gate. Reading is performed by 
applying a read voltage like 3.3 volts to the control gate. 
The stack gate type memory cell has been described in 
Japanese Unexamined Patent Publication No. Hei 11 
(1999)-232886, etc. 

[0004] In terms of the speeding up of data processing, 
the speeding up of a read operation of a nonvolatile 
memory device becomes important even to the nonvol- 



atile memory device. In the split gate type memory cell, 
the gate electrode of the selection MOS transistor is 
configured so as to function even as an erase electrode. 
Therefore, a gate insulating film had no other choice but 
to set its thickness to the same thickness as that of a 
write/erase-voltage control high-voltage MOS transistor 
in order to ensure a withstand voltage therefor. Thus, 
Gm (mutual conductance defined as current supply ca- 
pacity) of the selection MOS transistor becomes small, 
so the split gate type memory cell is hardly a structure 
wherein a read current can be obtained sufficiently. If 
nothing is done, then the split gate type memory cell is 
not fit for a high-speed operation under a low voltage. 
Since a thick gate oxide film for realizing a high with- 
stand voltage is adopted for the control gate to which a 
high voltage is applied upon write/erase operations, It 
reduces Gm at a read operation, so the stack gate type 
cell is hardly a structure wherein a read current can be 
ensured sufficiently. 

[0005] USP Nos. 4,659,828 and 5,408,115 of the 
known documents respectively describe the invention 
related to the write/erase operations but do not refer to 
an improvement in the performance of the read opera- 
tion. Further, although Japanese Unexamined Patent 
Publication No. Hei 5(1993)-136422 of the known doc- 
ument discloses a shape most analogous to that of the 
present invention, it shows the invention related to a 
method of insulating two gate electrodes adjacent to 
each other, and does not disclose read performance. A 
nonvolatile memory device unprovided for the prior art 
is needed which is adapted to a logical operation device 
brought to high performance. 

[0006] A structure has been adopted wherein bit lines 
are hierarchized into main and sub bit lines, only a sub 
bit line connected with a memory cell to be operated and 
selected is selected and connected to its corresponding 
main bit line, and the parasitic capacity of the bit line by 
the memory cell is apparently reduced, whereby a high- 
speed read operation is realized. However, it has been 
found out by the present inventors that there is a fear 
that where it is necessary to apply a high voltage even 
to a bit line upon writing as in the stack gate type memory 
cell, a MOS transistor for selectively connecting a sub 
bit line to its corresponding main bit line must be brought 
to high withstanding, whereby Gm of a read path is fur- 
ther reduced and the speeding up by a hierarchized bit 
line structure based on the main/sub bit lines will not 
function sufficiently. 

[0007] An object of the present invention is to elimi- 
nate a thick-film high-voltage MOS transistor that im- 
pairs speeding up, from a memory information read 
path. 

[0008] Another object of the present invention is to 
provide a semiconductor device capable of reading 
memory information from a nonvolatile memory cell at 
high speed. 

[0009] The above, other objects and novel features of 
the present invention will become apparent from the de- 
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scription of the present Specification and the accompa- 
nying drawings. 

DISCLOSURE OF THE INVENTION 

[0010] Summaries of representative ones of the in- 
ventions disclosed in the present application will be ex- 
plained in brief as follows: 

[0011] [1] A semiconductor device includes a plurality 
of nonvolatile memory cells (1). Each of the nonvolatile 
memory cells comprises a MOS type first transistor sec- 
tion (3) used for information storage, and a MOS type 
second transistor section (4) which selects the first tran- 
sistor section. The second transistor section has a bit 
line electrode (16) connected to a bit line (BL), and a 
control gate electrode (1 8) connected to a control gate 
control line (CL). The first transistor section has a source 
line electrode (1 0) connected to a source line, a memory 
gate electrode (1 4) connected to a memory gate control 
line (ML), and a charge storage region (11) disposed di- 
rectly below the memory gate electrode. A gate with- 
stand voltage of the second transistor section is lower 
than that of the first transistor section. In other words, 
assuming that the thickness of a gate insulating film (1 7) 
of the control gate electrode of the second transistor 
section is defined as tc and the thickness of a gate in- 
sulating film (11 , 12, 13) of the memory gate electrode 
of the first transistor section is defined as tm, they have 
a relationship of tc<tm. Here, MOS is a generic name 
for an insulated gate field effect type transistor structure. 
[0012] According to the above, when the second tran- 
sistor section of the nonvolatile memory ceil is brought 
to an on state upon a data read operation, memory in- 
formation is read out to the corresponding bit line ac- 
cording to whether the current flows in accordance with 
a threshold voltage state of the first transistor section. 
The second transistor section is thinner than the first 
transistor section in gate oxide-film thickness and lower 
than it in gate withstand voltage too. Therefore, as com- 
pared with a case in which both a memory holding MOS 
transistor section and a selection MOS transistor sec- 
tion are formed at a high withstand voltage, a relatively 
large Gm can be easily obtained at a relatively low gate 
voltage with respect to the selection MOS transistor sec- 
tion, and the current supply capacity of the entire non- 
volatile memory cell, i.e. Gm can be relatively increased, 
thereby contributing to the speeding up of a read speed. 
[0013] Upon the operation of setting a relatively high 
threshold voltage to the first transistor section, for ex- 
ample, a high voltage is applied to its memory gate elec- 
trode to turn on the second transistor section, thereby 
allowing a current to flow from the source line to the bit 
line, whereby hot electrons generated in the vicinity of 
the charge storage region on the control gate side may 
be retained in the charge storage region. Upon the op- 
eration of setting a relatively low threshold voltage to the 
first transistor section, for example, a high voltage is ap- 
plied to its memory gate electrode to turn on the second 
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transistor section, thereby setting the bit line electrode 
and the source line electrode to a circuit's ground po- 
tential, whereby the electrons retained in the charge 
storage region may be ejected toward the memory gate 

5 electrode. Thus, the operation of setting the relatively 
low threshold voltage or the relatively high threshold 
voltage to the first transistor section can be realized 
without applying the high voltage to the control gate con- 
trol line and the bit line. This guarantees that the gate 

10 withstand voltage of the second transistor section may 
be relatively low. 

[0014] It is desired that in order to make it hard for the 
charges stored in the charge storage region to leak into 
the control gate electrode, a relationship of tm^ti is es- 

15 tablished assuming that the thickness of an insulating 
film (9) between the control gate electrode and the 
charge storage region is defined as ti, for example. 
[001 5] In order to assure a low gate withstand voltage 
of the second transistor section on a device structure 

20 basis, for example, a high-density impurity region (30) 
may be prevented from being formed between the bit 
line electrode and the source line electrode formed in a 
well region. The high-density impurity region is a dif- 
fused region of an impurity. In the case of a nonvolatile 

25 memory cell comprising a series circuit of a memory 
holding MONOS section and a selection MOS transistor 
section, series-connected nodes of both transistor sec- 
tions are configured as a diffusion region (source-drain 
region) common to both. When the common diffusion 

30 region common to both the transistor sections is inter- 
posed therebetween, a high voltage is applied to the 
MONOS section at writing to form a channel, so that the 
high voltage on the MONOS side is applied to the se- 
lection MOS transistor section from the channel via the 

35 diffusion region common to both the transistor sections. 
It is thus essential that the selection MOS transistor sec- 
tion is at a high withstand voltage in the case of the 
MONOS type memory cell. 

[0016] The charge storage region may adopt a con- 

40 ductive floating gate electrode covered with an insulat- 
ing film, or may adopt a charge trap insulating film cov- 
ered with an insulating film, a conductive fine particle 
layer covered with an insulating film, or the like. 
[0017] A switch MOS transistor (19) is provided which 

45 js capable of connecting the bit line to its corresponding 
global bit line (GL), and a divided bit line structure (hi- 
erarchical bit line structure) may be adopted therefor. 
The divided bit line structure contributes to the fact that 
upon a read operation, only some nonvolatile memory 

50 cells are connected to the corresponding global bit line 
to thereby apparently reduce the parasitic capacity of 
the bit line and further speed up the read operation. 
Since, at this time, the high voltage may not be applied 
to the bit line upon erase/write operations, the gate ox- 

55 ide-film thickness of the switch MOS transistor may be 
formed thinner than that of the first transistor section. In 
short, it is easy to give a relatively large current supply 
capacity to the switch MOS transistor. Further, it is pos- 
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sible to ensure the speeding up of the read operation by 
the divided bit line structure. 

[0018] [2] As a further detailed aspect, the semicon- 
ductor device includes a first driver (21 ) which drives the 
control gate control line, a second driver (22) which 
drives the memory gate control line, a third driver (23) 
which drives the switch MOS transistor to an on state, 
and a fourth driver (24) which drives the source line. The 
first driver and the third driver use a first voltage as an 
operating power supply, and the second driver and the 
fourth driver use a voltage higher than the first voltage 
as an operating power supply. 

[0019] The semiconductor device has a control circuit 
(76) which when the threshold voltage of the first tran- 
sistor section is taken high, sets the operating power 
supply of the first driver to a first voltage, sets the oper- 
ating power supply of the fourth driver to a second volt- 
age higher than the first voltage, and sets the operating 
power supply of the second driver to a third voltage high- 
er than the second voltage, thereby enabling injection 
of hot electrons into the corresponding charge storage 
region from the bit line electrode side. 
[0020] When the threshold voltage of the first transis- 
tor section is taken low, the control circuit sets the op- 
erating power supply of the second driver to a fourth volt- 
age higher than the third voltage, thereby ejecting elec- 
trons from the charge storage region to the correspond- 
ing memory gate electrode. 

[0021] The first transistor section whose threshold 
voltage has been lowered, may be set to, for example, 
a depletion type. The first transistor section whose 
threshold voltage has been rendered high, may be set 
to, for example, an enhancement type. The memory 
gate electrode at the read operation may be set to a cir- 
cuit's ground voltage. Since the second transistor sec- 
tion that selects the first transistor section is provided 
with respect to the first transistor section, a selection 
free of a verify operation strict on writing and erasure is 
also enabled. 

[0022] When information stored in the nonvolatile 
memory cell is read, the control circuit may set the op- 
erating power supply of the first driver to a first voltage 
and set the memory gate electrode and the source line 
electrode to a circuit's ground potential. The direction of 
current at the read operation results in the direction 
thereof from the bit line to the source line. 
[0023] When the information stored in the nonvolatile 
memory cell is read, the control circuit may set the op- 
erating power supply of the first driver to a first voltage 
and set the memory gate electrode and the bit line elec- 
trode to a circuit's ground potential. The direction of cur- 
rent at the read operation results in the direction thereof 
from the source line to the bit line contrary to the above. 
[0024] The semiconductor device described above 
may be not only the discrete nonvolatile memory but al- 
so a semiconductor device such as a microcomputer 
with the nonvolatile memory provided on-chip, a data 
processor. For example, the semiconductor device fur- 



ther has a logic operation unit (61 ) which performs a log- 
ical operation with the first voltage as an operating pow- 
er supply. 

[0025] When viewed from a layout standpoint, each 

5 of the first driver and the third driver may receive an ad- 
dress decode signal (51 ) so that an operation thereof is 
selected, and each of the second driver and the fourth 
driver may receive the output (52) of the first driver so 
that an operation thereof is selected. 

to [0026] The first driver and the third driver may be dis- 
posed on one side and the second driver and the fourth 
driver may be disposed on the other side, with at least 
one the nonvolatile memory cell array (50) being inter- 
posed therebetween. It is possible to separate drivers 

'5 each operated with a high voltage as an operating power 
supply and circuits each operated with a relatively low 
voltage as an operating power supply from one another. 
[0027] In the memory array, memory gate control lines 
(ML) are formed integrally with memory gate electrodes, 

20 and low resistance metal layers (MGmt) may be config- 
ured so as to be laminated over polysilicon layers 
(MGps), respectively. Control gate control lines (CL) 
may also be configured integrally with their correspond- 
ing control gate electrodes. Further, low resistance met- 

25 a) layers (CGmt) may be configured so as to be laminat- 
ed over their corresponding polysilicon layers (CGps). 
Thus, the resistance of wiring can be reduced. 
[0028] Discharge MOS transistors 53 for respectively 
causing the memory gate control lines to be conducted 

30 to the circuit's ground potential in response to a read 
operation may be provided at different positions of the 
memory gate control lines. It is possible to make rapid 
transition to a read operation enable state. 
[0029] As the switch MOS transistor placed under the 

35 divided bit line structure, may be adopted a p channel 
type MOS transistor (1 9p). It is thus possible to prevent 
a signal level from being reduced by the threshold volt- 
age of the switch MOS transistor and satisfactorily cope 
with a voltage reduction in read signal level to the cor- 

40 responding bit line. However, even if an attempt to set 
the bit line to the circuit' ground potential is made when 
the threshold voltage of the corresponding nonvolatile 
memory cell is made high, the potential of the bit line 
does not reach a level lower than the threshold voltage 

45 of the p channel type switch MOS transistor. In order to 
solve it, the switch MOS transistor may be made up of 
CMOS transfer gates (1 9p, 1 9n). 
[0030] n channel type discharge MOS transistors 
(20n) each switch-operated complementarily to the 

50 switch MOS transistor may be provided at their corre- 
sponding bit lines. Thus, when the corresponding bit line 
is selected via the switch MOS transistor, the bit line is 
perfectly discharged by its corresponding discharge 
MOS transistor, so that the level of a global bit line pre- 
ss charged prior to the start of reading can be prevented 
from undesirably varying, thereby contributing to stabi- 
lization of a sense operation of a read signal and speed- 
ing up of a read operation. 
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[0031] [3] The present invention will.be grasped from 
the viewpoint slightly different from the above. A semi- 
conductor device has nonvolatile memory cells (1) ar- 
ranged in a semiconductor substrate (2) in matrix form. 
Each of the nonvolatile memory cells includes in the 
semiconductor substrate a source line electrode (10) 
connected to a source line (SL), a bit line electrode (1 6) 
connected to a bit line (BL), and channel regions inter- 
posed between the source line electrode and the bit line 
electrode. Further, the nonvolatile memory cell includes 
over the channel regions a control gate electrode (18) 
disposed near the bit line electrode via a first insulating 
film (17) and connected to a control gate control line 
(CL), and a memory gate electrode (14) disposed via a 
second insulating film (12, 13) and a charge storage re- 
gion (11), electrically separated from the control gate 
electrode (18) and connected to a memory gate control 
line (ML). The withstand voltage of the first insulating 
film is lower than that of the second insulating film. 
[0032] It becomes easy to obtai n a relatively large Gm 
at a relatively low gate voltage with respect to a selection 
MOS transistor having the control gate electrode. Cur- 
rent supply capacity of the whole nonvolatile memory 
cell, i.e., Gm can be relatively made large, thereby con- 
tributing to the speeding up of a read speed. 
[0033] In order to relatively set high a threshold volt- 
age of the nonvolatile memory cell as viewed from the 
memory gate thereof, for example, a high voltage is ap- 
plied to its memory gate electrode to turn on the control 
gate electrode side, thereby allowing a current to flow 
from the source line to the bit line, whereby electrons 
generated in the vicinity of the charge storage region on 
the control gate electrode side may be retained in the 
charge storage region. In order to set a relative low 
threshold voltage in reverse, for example, a high voltage 
is applied to its memory gate electrode to turn on the 
control gate electrode side, thereby setting the bit line 
electrode and the source line electrode to a circuit's 
ground potential, whereby the electrons retained in the 
charge storage region may be ejected toward the mem- 
ory gate electrode. Thus, the operation of setting the rel- 
atively low threshold voltage or the relatively high 
threshold voltage to the nonvolatile memory cell can be 
realized without applying the high voltage to the control 
gate control line and the bit line. This guarantees that 
the gate withstand voltage on the control gate electrode 
side may be relatively low. 

[0034] A semiconductor device according to a further 
specific aspect, having the nonvolatile memory cells in- 
cludes control gate drivers each of which drives the con- 
trol gate control line, memory gate drivers each of which 
drives the memory gate control line, and source drivers 
each of which drives the source line. At this time, the 
control gate driver may use a first voltage as an operat- 
ing power supply, and each of the memory gate driver 
and the source driver may use a voltage higher than the 
first voltage as an operating power supply. 
[0035] The semiconductor device has a control circuit 



which sets an operating power supply of thecontroi gate 
driver to a first voltage, sets an operating power supply 
of the source driver to a second voltage higher than the 
first voltage, and sets an operating power supply of the 
5 memory gate driver to a third voltage greater than or 
equal to the second voltage when a threshold voltage 
of the nonvolatile memory cell as viewed from the mem- 
ory gate electrode is rendered high, thereby enabling 
injection of electrons into the corresponding charge stor- 
10 age region from the bit line electrode side. 

[0036] The control circuit sets the operating power 
supply of the memory gate driver to a fourth voltage 
greater than or equal to the third voltage when the 
threshold voltage of the nonvolatile memory cell as 
viewed from the memory gate electrode is rendered low, 
thereby ejecting electrons from the charge storage re- 
gion to the corresponding memory gate electrode. 
[0037] When information stored in the nonvolatile 
memory cell is read, the control circuit sets the operating 
power supply of the control gate driver to a first voltage 
and sets the memory gate electrode and the source line 
electrode to a circuit's ground potential. The direction of 
current at this read operation results in the direction 
thereof extending from the bit line to the source line. In- 
cidentally, at this time, the memory gate electrode may 
be a voltage higher than the ground potential. 
[0038] When information stored in the nonvolatile 
memory cell is read, the control circuit sets the operating 
power supply of the control gate driver to a first voltage 
and sets the memory gate electrode and the bit line elec- 
trode to a circuit's ground potential. The direction of cur- 
rent at this read operation results in the direction thereof 
from the source line to the bit line contrary to the above. 
In a manner similar to the above, the memory gate elec- 
trode at this time may be a voltage higher than the 
ground potential. 

[0039] The semiconductor device may be not only the 
discrete nonvolatile memory but also a microcomputer 
with the nonvolatile memory provided on-chip, a data 
processor or the like. For example, the semiconductor 
device has a logic operation unit which performs a log- 
ical operation with the first voltage as an operating pow- 
er supply. 

[0040] The control gate driver may be one inputted 
with an address decode signal so that an operation 
thereof is selected, and each of the memory gate drivef 
and the source driver may be one based on the output 
of the control gate driver so that an operation thereof is 
selected. 

[0041] The control gate drivers may be disposed on 
one side and the memory gate drivers and the source 
drivers may be disposed on the other side, with at least 
one array of the nonvolatile memory cells being inter- 
posed therebetween. It becomes easy to separate driv- 
ers each operated with a high voltage as an operating 
power supply and circuits each operated with a relatively 
low voltage as an operating power supply from one an- 
other. 
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[0042] In the array of the nonvolatile memory cells, 
memory gate control lines may be formed Integrally with 
memory gate electrodes, and low resistance metal lay- 
ers may be formed with being laminated over polysilicon 
layers respectively. Thus, the resistance of wiring can 
be reduced. 

[0043] Attention is paid to a reduction in chip occupied 
area formed by the memory gate driver and the source 
driver. In the array of the nonvolatile memory cells, the 
memory gate drivers (22A) may preferably be shared in 
plural units of the memory gate control lines paired with 
the control gate control lines, and the source drivers (24) 
may preferably be shared in plural units of the source 
lines paired with the control gate control lines. At this 
time, the number of the memory gate control lines 
shared by the corresponding memory gate driver may 
preferably be less than or equal to the number of the 
source lines shared by the corresponding source driver. 
For instance, when the current is caused to flow be- 
tween the source and drain to thereby apply a high volt- 
age to the memory gate as a write format relative to the 
nonvolatile memory cell, the electric field between the 
source and memory gate of a write non-selected non- 
volatile memory cell that shares the memory gate con- 
trol lines between the write non-selected nonvolatile 
memory cell and a write selected memory cell does not 
increase in particular if the source potential for causing 
the current to flow between the source and drain of the 
write selected memory cell is supplied via the corre- 
sponding source line. If the source potential is of a low 
source potential for write non-selection, then there is a 
possibility that a large electric field comparable to at 
erasure will act between the source and memory gate 
of the write non-selected memory cell that shares the 
memory gate control lines between the write non-select- 
ed memory cell and the write selected memory cell. A 
disturbance occurs that such a large electric field unde- 
sirably changes the threshold voltage of a memory cell 
placed in a write state. The above relationship between 
the number of the memory gate control lines shared by 
the memory gate driver and the number of source lines 
shared by the source driver is of use in preventing the 
fear of such a disturbance beforehand. 
[0044] The memory gate driver and the source driver 
may be driven based on the output of an OR circuit 
which forms the OR of selected states with respect to 
their corresponding plural control gate control lines. At 
this time, an input stage of the OR circuit may be used 
with transistors using extended portions of the control 
gate control lines as gate electrodes thereof in order to 
reduce a layout area of the OR circuit. 
[0045] In terms of the speeding up of a read operation, 
a plurality of charge MOS transistors for respectively 
causing the memory gate control lines to be conducted 
to the first power supply voltage in response to the read 
operation may be provided at different positions of the 
memory gate control lines. The time necessary to cause 
each memory gate control line to transition to a desired 



level in terms of the read operation can be shortened. 
[0046] Further, in order to control the threshold volt- 
age of the corresponding memory cell so as to fall within 
a predetermined voltage distribution, a write verify op- 
s eration may be performed after a write operation, and 
an erase verify operation may be carried out after an 
erase operation. 

[0047] [4] The essential points of the present inven- 
tion will be listed here in terms of the device structure of 

10 each memory cell. All the essential points may not be 
necessarily provided and are effective singly or in vari- 
ous combinations. Incidentally, a prerequisite for the 
present invention is that a gate electrode to which a high 
voltage is applied upon writing/erasure, and a gate elec- 
ts trode of a selection MOS type transistor are configured 
with being separated from each other. (1 ) The thickness 
of a gate insulating film of each selection MOS type tran- 
sistor is set thinner than that of a high-voltage MOS tran- 
sistor which handles write/erase voltages to thereby in- 

20 crease Gm of the selection MOS type transistor. The 
thickness of the gate insulating film of the selection MOS 
type transistor is set so as to be equal to that of a gate 
oxide film of a MOS type transistor having charge of a 
logical operation unit (core-logic) or an I/O MOS type 

25 transistorwhich handles the input/output of a signal from 
and to the outside, in the case where the thickness of 
the gate insulating film is thinnest. Further, the gate elec- 
trode of the selection MOS type transistor is driven by 
its corresponding core-logic MOS type transistor oper- 

30 ated at high speed. (2) A diffusion layer of each selection 
MOS type transistor constituting a cell is shared with a 
diffusion layer of the core-logic or I/O MOS type transis- 
tor having its gate oxide film to thereby suppress a short 
channel effect. Further, a diffusion layer of a memory 

35 holding MOS type transistor is caused to have a junction 
withstand voltage higher than that for the diffusion layer 
of the selection MOS type transistor. (3) A p type density 
of a channel impurity for determining the threshold value 
of the selection MOS type transistor is set so that the 

40 threshold value of the transistor becomes positive, and 
set thicker than that of the memory holding MOS type 
transistor. In the memory holing MOS type transistor, a 
neutral threshold value thereof is made negative such 
that the threshold value at erasure becomes sufficiently 

45 low and a read current is obtained on a large scale. The 
p type density of the channel impurity is set lower than 
that of the selection MOS type transistor. Alternatively, 
in order to set the neutral threshold value of the memory 
holding MOS type transistor to be negative, an n type 

50 impurity density of its channel is made higher than an n 
type impurity density of a channel of the selection MOS 
type transistor whose threshold value is positive. 
[0048] Thus, an improvement in read speed of a sem- 
iconductor nonvolatile memory device can be achieved. 

55 Accordingly, the semiconductor nonvolatile memory de- 
vice can be provided for high-speed program reading. 
If a semiconductor integrated circuit device using the 
technology of the present invention is used, then a high- 
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performance information apparatus can be realized at 
low cost. The present invention is effective for a portable 
device or the like free of space in which a temporary 
storage memory device capable of high-speed reading 
is built in. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0049] 

Fig. 1 is a cross-sectional view showing one exam- 
ple of a nonvolatile memory cell used in the present 
invention; 

Fig. 2 is an explanatory view typically depicting 
characteristics with respect to the nonvolatile mem- 
ory cell shown in Fig. 1 ; 

Fig. 3 is an explanatory view illustrating by way of 
example threshold voltage states where erase and 
write states of the nonvolatile memory cell are set 
to depletion and enhancement types; 
Fig. 4 is an explanatory view illustrating by way of 
example threshold voltage states where the erase 
and write states of the nonvolatile memory cell are 
both set to the enhancement type; 
Fig. 5 is an explanatory view showing, as compar- 
ative examples, several connection forms related to 
the nonvolatile memory cell shown in Fig. 2, prior to 
its optimization; 

Fig. 6 is an explanatory view illustrating by way of 
example a device section, operating voltages and 
a hierarchical bit line structure related to a stack 
gate type flash memory cell having a floating gate; 
Fig. 7 is an explanatory view illustrating by way of 
example a device section, operating voltages and 
a hierarchical bit line structure related to a split gate 
type flash memory cell; 

Fig. 8 is an explanatory view illustrating by way of 
example a device section, operating voltages and 
a hierarchical bit line structure related to a MONOS- 
stack gate type memory cell of one-transistor/one- 
memory cell; 

Fig. 9 is an explanatory view illustrating by way of 
example a device section, operating voltages and 
a hierarchical bit line structure related to a NONOS 
type memory cell of two-transistor/one-memory 
cell; 

Fig. 1 0 is a cross-sectional view showing a device 
section where attention is given to a write operation 
of the nonvolatile memory cell shown in Fig. 2; 
Fig. 11 is a cross -sectional view showing the man- 
ner in which a voltage applied state analogous to a 
write voltage state of Fig. 10 is given to a structure 
of a nonvolatile memory cell made up of a series 
circuit of memory holding MONOS and selection 
MOS transistors; 

Fig. 12 is a plan view illustrating by way of example 
a planar configuration of the nonvolatile memory 
cell shown in Fig. 1 ; 



Fig. 13 is a plan view illustrating by way of example 
a planar configuration of each of the nonvolatile 
memory cells shown in Figs. 6 and 8; 
Fig. 14 is a plan view illustrating by way of example 
a planar configuration of the nonvolatile memory 
cell shown in Fig. 7; 

Fig. 15 is a plan view illustrating by way of example 
a planar configuration of the nonvolatile memory 
cell shown in Fig. 9; 

Fig. 1 6 is a circuit diagram showing one example of 
a memory cell array which adopts the nonvolatile 
memory cell shown in Fig. 1; 
Fig. 17 is a circuit diagram depicting one example 
of a memory cell array in which ZMOSs are consti- 
tuted by CMOS transfer gates; 
Fig. 1 8 is a circuit diagram showing one example of 
a memory cell array which adopts sub bit line dis- 
charge transistors; 

Fig. 1 9 is a circuit diagram illustrating by way of ex- 
ample the layout of drivers with respect to the mem- 
ory cell arrays each of which adopts the nonvolatile 
memory cell shown in Fig. 1; 
Fig. 20 is a circuit diagram showing one example of 
a memory cell array; 

Fig. 21 is a circuit diagram illustrating another ex- 
ample of the memory cell array; 
Fig. 22 is a circuit diagram showing a further exam- 
ple of the memory cell array; 
Fig. 23 is a timing chart illustrating by way of exam- 
ple operation timings at the time that the direction 
of current at a read operation of a nonvolatile mem- 
ory cell extends from a source line to a bit line; 
Fig. 24 is a block diagram of a microcomputer in 
which a nonvolatile memory having adopted the 
nonvolatile memory cells is provided on-chip; 
Fig. 25 is a block diagram showing a detailed one 
example of a flash memory module; 
Fig. 26 is a circuit diagram illustrating by way of ex- 
ample a form of a forward read operation with re- 
spect to a nonvolatile memory cell; 
Fig. 27 is a timing chart illustrating by way of exam- 
ple main signal waveforms at the forward read op- 
eration of Fig. 26; 

Fig. 28 is a circuit diagram illustrating by way of ex- 
ample a form of a backward read operation with re- 
spect to a nonvolatile memory cell; 
Fig. 29 is a timing chart illustrating by way of exam- 
ple main signal waveforms where a read operation 
is started as the backward read operation of Fig. 28 
after a main bit line on the input side of a sense am- 
plifier has been precharged; 
Fig. 30 is a timing chart illustrating by way of exam- 
ple main signal waveforms where a read operation 
is started as the backward read operation of Fig. 28 
without precharging the main bit line on the input 
side of the sense amplifier; 

Fig. 31 is an explanatory view illustrating by way of 
example other write voltage conditions and the like 
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with respect to the nonvolatile memory cell; 
Fig. 32 is a circuit diagram showing another exam- 
ple illustrative of the layout of a memory cell array 
having adopted the nonvolatile memory cells, and 
drivers; 5 
Fig. 33 is a circuit diagram illustrating by way of ex- 
ample a circuit format in which memory gate control 
lines are individually driven by their corresponding 
drivers according to the selection of control gate 
control lines as shown in Fig. 1 9; w 
Fig. 34 is a circuit diagram principally showing a 
drive format of memory gate control lines corre- 
sponding to Fig. 32; 

Fig. 35 is an explanatory view showing in detail a 
state in which voltages are applied to a memory cell 15 
in an allowable disturb state; 
Fig. 36 is a circuit diagram illustrating by way of ex- 
ample a configuration which needs routing of con- 
trol gate control lines as a drive form of memory gate 
control lines; 20 
Fig. 37 is a circuit diagram illustrating by way of ex- 
ample a specific configuration of a logic circuit; 
Fig. 38 is a plan view illustrating by way of example 
a layout configuration of a NOR gate; 
Fig. 39 is an explanatory view illustrating by way of 25 
example the difference between effects obtained 
according to whether source-line coupled MOS 
transistors are adopted; 

Fig. 40 is a cross-sectional view of a memory cell 
according to a first embodiment of the present in- 30 
vention; 

Fig. 41 is a diagram for describing the operation of 
the memory cell according to the first embodiment 
of the present invention and voltages applied there- 
to; 35 
Fig. 42 is a cross -sectional view showing a state in 
which the memory cell according to the first embod- 
iment of the present invention is mixed with other 
MOS transistors; 

Fig. 43 is a cross-sectionai view of a memory cell 40 
according to a second embodiment of the present 
invention; 

Fig. 44 is a diagram for describing the operation of 
the memory cell according to the second embodi- 
ment of the present invention and voltages applied 45 
thereto; 

Fig. 45 is a cross-sectional view of a modification of 
the memory cell according to the second embodi- 
ment of the present invention; 

Fig. 46 is a cross-sectiona! view showing the differ- so 
ence in channel density in the memory cell accord- 
ing to the second embodiment of the present inven- 
tion; 

Fig. 47 is a cross-sectional view of a memory cell 
according to a third embodiment of the present in- 55 
vention; 

Fig. 48 is a cross-sectional view of a memory cell 
according to a fourth embodiment of the present in- 



vention; 

Fig. 49 is a cross-sectional view of a memory cell 
according to a fifth embodiment of the present in- 
vention; 

Fig. 50 is a first cross-sectional view related to a 
process for manufacturing a semiconductor inte- 
grated circuit in which a memory cell according to 
the present invention is mixed with other MOS type 
transistors; 

Fig. 51 is a second cross-sectional view related to 
the process for manufacturing the semiconductor 
integrated circuit in which the memory cell accord- 
ing to the present invention is mixed with other MOS 
type transistors; 

Fig. 52 is a third cross-sectional view related to the 
process for manufacturing the semiconductor inte- 
grated circuit in which the memory cell according to 
the present invention is mixed with other MOS type 
transistors; 

Fig. 53 is a fourth cross-sectional view related to the 
process for manufacturing the semiconductor inte- 
grated circuit in which the memory cell according to 
the present invention is mixed with other MOS type 
transistors; 

Fig. 54 is a fifth cross-sectional view related to the 
process for manufacturing the semiconductor inte- 
grated circuit in which the memory cell according to 
the present invention is mixed with other MOS type 
transistors; 

Fig. 55 is a sixth cross-sectional view related to the 
process for manufacturing the semiconductor inte- 
grated circuit in which the memory cell according to 
the present invention is mixed with other MOS type 
transistors; 

Fig. 56 is a seventh cross-sectional view related to 
the process for manufacturing the semiconductor 
integrated circuit in which the memory cell accord- 
ing to the present invention is mixed with other MOS 
type transistors; 

Fig. 57 is an eighth cross-sectional view related to 
the process for manufacturing the semiconductor 
integrated circuit in which the memory cell accord- 
ing to the present invention is mixed with other MOS 
type transistors; 

Fig. 58 is a circuit diagram illustrating by way of ex- 
ample a configuration of a memory array to which 
the memory cells each according to the present in- 
vention are applied; 

Fig. 59 is a cross-sectional view of a memory cell 
according to a sixth embodiment of the present in- 
vention; 

Fig. 60 is a first cross-sectional view related to a 
process for manufacturing the memory cell accord- 
ing to the sixth embodiment of the present inven- 
tion; 

Fig. 61 is a second cross-sectional view related to 
the process for manufacturing the memory cell ac- 
cording to the sixth embodiment of the present in- 
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vention; 

Fig. 62 is a third cross-sectional view related to the 
process for manufacturing the memory cell accord- 
ing to the sixth embodiment of the present inven- 
tion; and 

Fig. 63 is a cross-sectional view of a memory cell 
according to a seventh embodiment of the present 
invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0050] Fig. 1 shows one example of a nonvolatile 
memory cell (hereinafter also simply called memory 
cell). The nonvolatile memory cell 1 includes within a p 
type well region 2 provided over a silicon substrate, a 
MOS type first transistor section 3 used for information 
storage, and a MOS type second transistor section 4 
(selection MOS transistor section) which selects the first 
transistor section 3. The first transistor section 3 in- 
cludes an n type diffusion layer (n type impurity region) 
10 which serves as a source line electrode connected 
to a source line, a charge storage region (e.g., silicon 
nitride film) 11, insulating films (e.g., silicon oxide film) 

1 2 and 1 3 disposed over the front and back surfaces of 
the charge storage region 1 1 , a memory gate electrode 
(e g , ntypepolysilicon layer) 14 for applying a high volt- 
age upon writing and erasure, and an oxide film (e.g., 
silicon oxide film) 15 for protection of the memory gate 
electrode. The insulating film 12 is formed 5nm thick, 
the charge storage region 11 is formed 10nm thick (sil- 
icon oxide film conversion), and the oxide film 13 is 
formed 3nm thick. The second transistor section 4 has 
an n type diffusion layer (n type impurity region) 16 
which serves as a bit line electrode connected to a bit 
line, a gate insulating film (e.g., silicon oxide film) 17, a 
control gate electrode (e.g., n type polysilicon layer) 18 
and an insulating film (e.g., silicon oxide film) 9 which 
insulates the control gate electrode 1 8 and the memory 
gate electrode 1 4 from each other. 

[0051] Assuming that the sum of the thickness of the 
charge storage region 11 of the first transistor section 3 
and the thicknesses of the insulating film 12 and the in- 
sulating film 1 3 disposed over the front and back surfac- 
es thereof (called memory gate insulating films 11,12, 

13 together) is represented as tm, the thickness of the 
gate insulating film 17 of the control gate electrode 18 
is represented as tc, and the thickness of the insulating 
film between the control gate electrode 18 and the 
charge storage region 11 is represented as ti, the rela- 
tionship of tc<tm^ti is realized. A gate withstand voltage 
of the second transistor section 4 is set lower than that 
of the first transistor section 3 by the difference in di- 
mension between the gate insulating film 17 and the 
memory gate insulating films 11, 12 and 13. A planar 
configuration of the nonvolatile memory cell 1 shown in 
Fig. 1 is illustrated by way of example in Fig. 12. 
[0052] Incidentally, the term of the drain (drain) de- 
scribed in part of the diffusion layer 1 6 means that the 



diffusion layer 1 6 functions as a drain electrode of a tran- 
sistor upon a data read operation, whereas the term of 
the source (source) described in part of the diffusion lay- 
er 10 means that the diffusion layer 10 functions as a 
5 source electrode of the transistor upon the data read op- 
eration. Upon erase/write operations, the functions of 
the drain electrode and the source electrode might be 
counterchanged with respect to the notation of the drain 
(drain) and source (source). 

w [0053] Fig. 2 typically shows characteristics with re- 
spect to the nonvolatile memory cell shown in Fig. 1 . A 
connection form of the nonvolatile memory cell 1 in a 
hierarchical bit line structure is illustrated by way of ex- 
ample in Fig. 2. The diffusion layer 1 6 is connected to a 

is sub bit line BL (hereinafter also simply called bit line BL), 
the diffusion layer 10 is connected to a source line SL, 
the memory gate electrode 1 4 is connected to a memory 
gate control line ML, and the control gate electrode 18 
is connected to a control gate control line CL. The sub 

20 bit line BL is connected to a main bit line (also called 
global bit line) GL via an n channel type switch MOS 
transistor (ZMOS) 19. Although not shown in the figure 
in particular, a plurality of the nonvolatile memory cells 
1 are connected to the sub bit line BL, and a plurality of 

25 the bit lines BL are connected to one main bit line GL 
viatheZMOSs 19. 

[0054] A first driver (word driver) 21 which drives the 
control gate control line CL, a second driver 22 which 
drives the memory gate control line ML, a third driver (Z 

30 driver) 23 which switch-drives the ZMOS 19, and a 
fourth driver 24 which drives the source line SL, are typ- 
ically shown in Fig. 2. The drivers 22 and 24 are consti- 
tuted by high voltage MOS drivers using MOS transis- 
tors whose gate withstand voltages are high voltages. 

35 The drivers 21 and 23 are constituted by drivers using 
MOS transistors whose gate withstand voltage are rel- 
atively low. 

[0055] Upon a write operation for setting a relatively 
high threshold voltage to the first transistor section 3 of 
^0 the nonvolatile memory cell 1 , for example, a memory 
gate voltage Vmg and a source line voltage Vs are re- 
spectively set to high voltages, 1.8V is supplied as a 
control gate voltage Vcg, a write selection bit line is set 
to 0V (circuit's ground potential) and a write non-selec- 
45 tion bit line is set to 1 .8V. In this state, the second tran- 
sistor section 4 for the write selection bit line is turned 
on to cause current to flow from the diffusion layer 1 0 to 
the diffusion layer 16. Hot electrons developed in the 
vicinity of the charge storage region 11 on the control 
so gate electrode 1 8 side by the current may be retained 
in the charge storage region 11 . When wiring is carried 
out using a constant current ranging from about a few 
microamperes to about several tens of microamperes 
as the write current, the potential of the write selection 
55 bit line is not limited to the ground potential. For exam- 
ple, about O.BV may be applied thereto to feed a channel 
current. Upon the write operation, the diffusion layer 10 
functions as the drain and the diffusion layer 16 func- 



40 



45 



50 



10 



17 



EP 1 416 540 A1 



18 



tions as the source in the n channel type memory cell. 
Such a write format results in source side injection of 
the hot electrons. 

[0056] Upon an erase operation for setting a relatively 
low threshold voltage to the first transistor section 3, for 
example, a high voltage is applied as the memory gate 
voltage Vmg to discharge the electrons retained in the 
charge storage region 11 into the memory gate elec- 
trode 1 4. At this time, the diffusion layer 1 0 is set to the 
circuit's ground potential. At this time, the second tran- 
sistor section 4 may be brought to an on state. 
[0057] As apparent from the above write/erase oper- 
ations effected on the first transistor section 3, the above 
operation can be realized without applying the high volt- 
age to the control gate control line CL and the bit line 
BL. This guarantees that the gate withstand voltage of 
the second transistor section 4 may be relatively low. 
The ZMOS 19 needs not to have a high withstand volt- 
age either 

[0058] As illustrated by way of example in Fig. 3, al- 
though not restricted in particular, the first transistor sec- 
tion 3 held in an erase state in which its threshold voltage 
is rendered low, is set to a depletion type, and the first 
transistor section 3 held in a write state in which its 
threshold voltage is made high, is set to an enhance- 
ment type. In the erase and write states of Fig. 3, the 
memory gate electrode 14 at a read operation may be 
set to the circuit's ground potential. Further, for example, 
a power supply voltage Vdd may be added to the mem- 
ory gate electrode 1 4 when the read operation is speed- 
ed up. On the other hand, when both of erase and write 
states are set to an enhancement type as shown in Fig. 
4,.for example, a power supply voltage Vdd is added to 
the memory gate electrode 14 at a read operation. Un- 
der both the threshold states of Figs. 3 and 4, the MOS 
type second transistor section 4 that selects the first 
transistor section 3, is provided in association with the 
MOS type first transistor section 3 used for information 
storage in the case of the present invention. Therefore, 
there is no need to perform a verify (verification) opera- 
tion for writing and erasure. When it is necessary to relax 
stress to the memory cell due to the write and erase op- 
erations, e.g., the number of times that writing is carried 
out is increased, the verify operation may be allowed. 
[0059] Upon the read operation for the nonvolatile 
memory cell 1 of Fig. 2 in the threshold state of Fig. 3, 
the source line voltage Vs and the memory gate voltage 
Vmg may be set to 0V, and the control gate voltage Vcg 
of each memory cell to be read and selected may be set 
to a select level of 1 .8V. When the second transistor sec- 
tion 4 is brought to an on state, memory information is 
read into the corresponding bit line BL according to 
whether current flows in accordance with the threshold 
voltage state of the first transistor section 3. Since the 
second transistor section 4 is thinner than the first tran- 
sistor section 3 in gate oxide film thickness and also low- 
er than it in gate withstand voltage, the whole current 
supply capacity of the nonvolatile memory cell 1 can be 



relatively enlarged as compared with the case in which 
both the memory holding MOS transistor and selection 
MOS transistor are formed at a high withstand voltage, 
thus making it possible to speed up a data read speed. 
[0060] Upon the read operation for the nonvolatile 
memory cell 1 , the direction of current can be set to the 
direction (backward direction) opposite to the forward 
direction. As illustrated by way of example in Fig. 23, a 
source line voltage Vs is set to 1 .8V and a bit line voltage 
Vd is set to 0V. A control gate voltage Vcg is set to a 
select level (1 .8V) at a time tO of Fig. 23 with respect to 
each read and selected memory cell. Since the memory 
cell is rendered low in threshold voltage because it is in 
the erase state in the case of this example, the bit line 
voltage Vd rises. A change in this voltage is detected by 
an unillustrated sense amplifier. 

[0061 ] A form of a forward read operation with respect 
to the nonvolatile memory cell 1 is illustrated by way of 
example in Fig. 26 in the form of a circuit diagram. Iread 
indicates the direction of a read current. Main signal 
waveforms at the time of feeding of Iread are illustrated 
by way of example in Fig. 27. A form of a backward read 
operation with respect to the nonvolatile memory cell 1 
is illustrated by way of example in Fig. 28 in the form of 
a circuit diagram. Main signal waveforms at this time are 
illustrated by way of example in Figs. 29 and 30. Fig. 29 
shows a case in which GL on the input side of a sense 
amplifier is precharged and thereafter the read opera- 
tion is started, and Fig. 30 shows a case in which the 
read operation is started without precharging GL on the 
input side of a sense amplifier. The sense amplifiers 
shown in Figs. 26 and 28 may be a differential input type. 
In this case, a reference input of each sense amplifier 
is a voltage between the high voltage side and the low 
voltage side of a memory Vth on the data input side in 
each of Figs. 27, 29 and 30. 

[0062] Several connected states related to the non- 
volatile memory cell 2 shown in Fig. 2, prior to its opti- 
mization are shown in Fig. 5 as comparative examples. 
A comparative example 1 relative to the present inven- 
tion shows a mode in which the direction (Iprog) of a 
write current is made opposite to the present invention. 
Since, in this case, a write high voltage 6V must be ap- 
plied to a sub bit line BL, there is a need to set ZMOS 
as a high-voltage MOS transistor and set a Z driver as 
a high-voltage MOS driver. In the hierarchical bit line 
structure, the operation of reading memory information 
becomes slow as compared with the form of the present 
invention. 

[0063] A comparative example 2 shows a configura- 
tion wherein a first transistor section 3 is connected to 
a sub bit line BL and a second transistor section 4 is 
connected to a source line SL to thereby cause a write 
current to flow from the source line SL side to the sub 
bit line BL side. Since a write high voltage is applied to 
the source line SL side in this case, there is a need to 
configure the second transistor section 4 as a high with- 
stand-voltage structure and configure a word driver as 



20 



25 



30 



35 



40 



45 



50 



11 



19 



EP1 416 540 A1 



20 



a high-voltage MOS driver. In this respect, the present 
example is unfit for speeding up of the read operation. 
[0064] A comparative example 3 shows a configura- 
tion wherein a first transistor section 3 is connected to 
a bit line BL and a second transistor section 4 Is con- 
nected to a source line SL to thereby cause a write cur- 
rent to flow from the bit line BL side to the source line 
SL side. There is a need to configure a ZMOS and Z 
driver as high-voltage MOS transistors in a manner sim- 
ilar to the comparative example 1 even in this case. In 
this respect, the present example is unfit for speeding 
up of a read operation. 

[0065] In order to speed up the read operation of the 
nonvolatile memory cell 1 , as apparent from Fig. 5, the 
first transistor section 3 is connected to the source line 
SL, the second transistor section 4 is connected to the 
bit line BL, and the direction of the write current is set 
so as to extend from the source line SL side to the bit 
line BL side. This results in the optimum condition. 
[0066] Figs. 6 through 9 illustrate nonvolatile memory 
cells different from the nonvolatile memory cell shown 
in Fig. 2, as comparative examples. Fig. 6 illustrates by 
way of example a device section, operating voltages, 
and a hierarchical bit line structure related to a stack 
gate type flash memory cell having a floating gate. Fig. 
7 illustrates by way of example a device section, oper- 
ating voltages, and a hierarchical bit line structure relat- 
ed to a split gate type flash memory cell. Fig. 8 illustrates 
by way of example a device section, operating voltages, 
and a hierarchical bit line structure related to a 1 Tr (Tran- 
sistor)/1 MC (Memory Cell)-type MONOS (Metal Oxide 
Nitride Oxide Semiconductor) stack gate type flash 
memory cell. Fig. 9 illustrates by way of example a de- 
vice section, operating voltages, and a hierarchical bit 
line structure related to a 2Tr/1MC-type MONOS type 
memory cell. A planar configuration of each of the non- 
volatile memory cells shown in Figs. 6 and 8 is illustrated 
by way of example in Fig. 13, a planar configuration of 
the nonvolatile memory cell shown in Fig. 7 is illustrated 
byway of example in Fig. 14, and a planar configuration 
of the nonvolatile memory cell shown in Fig. 9 is illus- 
trated by way of example in Fig. 15. 
[0067] The stack gate type, the split gate type and the 
MONOS type respectively need to apply high voltages 
as bit line voltages Vd or control gate voltages Vcg upon 
write and erase operations. Thus, since high voltages 
are applied to a MOS transistor constituting a word driv- 
er for driving a control gate electrode, a MOS transistor 
section directly below the control gate electrode of a 
memory cell, a ZMOS connected to its drain, and a MOS 
transistor constituting a Z driver for driving the ZMOS, 
as necessary, they are constituted using thick-film high- 
voltage MOS transistors. These thick-film high-voltage 
MOS transistors are contained in a read path and rate- 
control a read speed. Accordingly, the use of those non- 
volatile memory cells makes it difficult to execute a high- 
speed read operation. 

[0068] The erase operation of the stack gate type non- 



volatile memory cell shown in Fig. 6 results in the oper- 
ation of pulling out electrons from a floating gate FG stor- 
ing the electrons to a substrate by F-N tunneling. The 
write operation thereof results in the operation of storing 
s electrons in the floating gate FG by hot electrons. The 
erase operation of the split gate type nonvolatile mem- 
ory cell shown in Fig. 7 results in the operation of pulling 
out electrons from a floating gate FG storing the elec- 
trons to a control gate by F-N tunneling. The write oper- 
10 ation thereof results in the operation of storing electrons 
in the floating gate FG by injection of hot electrons pro- 
duced at the end of the control gate into the source side. 
The erase operation of the 1Tr/1 cell-type MONOS type 
nonvolatile memory cell shown in Fig. 8 results in the 
operation of pulling out electrons from a nitride film N of 
a charge storage layer ONO storing the electrons to a 
control gate by F-N tunneling. The write operation there- 
of results in the operation of applying a voltage to a 
source terminal (interchanging the source and drain in 
a transistor level) and storing hot electrons in the nitride 
film N of the charge storage region ONO. The erase op- 
eration of the 2Tr/1 cell-type MONOS type nonvolatile 
memory cell results in the operation of applying a neg- 
ative voltage to a memory gate to thereby pull out F-N 
tunnel electrons from a nitride film N of a charge storage 
layer ONO storing the electrons to a substrate. The write 
operation thereof results in the operation of storing elec- 
trons in the nitride film N of the charge storage layer 
ONO with F-N tunneling by the potential of a channel 
just below the memory gate. 

[0069] It is apparent that any of the stack gate type, 
split gate type and MONOS type mentioned as the com- 
parative examples shown in Figs. 6 through 9 interposes 
the high-voltage MOS transistor in a memory informa- 
tion read path and has a limitation of speeding up of the 
read operation. 

[0070] A device section at the time that attention has 
been given to the write operation of the nonvolatile 
memory cell shown in Fig. 2, is shown in Fig. 10. In a 
write voltage state shown in the figure, a channel of 6V 
is formed up to the neighborhood of the control gate 
electrode 1 8 just below the charge storage region 1 1 . 
On the other hand, a channel just below the control gate 
electrode 18 is OV. Thus, a steep electric field (sudden 
electric field) is formed just below the memory gate elec- 
trode 1 8 of the charge storage region 1 1 to make it pos- 
sible to control a current that flows through a source-to- 
drain channel. Hot electrons are produced by the sud- 
den electric field and stored in the charge storage region 
11 . Since the channel just below the control gate elec- 
trode 1 8 is 0V, the insulating film 1 7 of the control gate 
electrode 1 8 is guaranteed to be thinned to the extent 
identical or substantially equal to a majority of MOS tran- 
sistors such as logic circuits free of high withstand volt- 
ages, etc. When the current is narrowed down, the chan- 
nel just below the control gate electrode 18 is about 
0.8V. 

[0071] The reason why the channel just below the 
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control gate electrode 1 8 is not set to 6V upon the write 
operation, is that no high-density impurity region, e.g., 
diffusion layer is formed between the bit line electrode 
16 and the source line electrode 10 formed in the well 
region 2. Assuming that a structure of a nonvolatile 
memory cell (equivalent to MONOS of Fig. 9) made up 
of a series circuit of a memory holding MONOS and a 
selection MOS transistor is configured as one example 
as illustrated by way of example in Fig. 11 , series-con- 
nected nodes of both transistors are configured as a dif- 
fusion region (source-drain region) 30 common to both. 
When the common diffusion region 30 common to both 
the transistors is interposed therebetween, a high volt- 
age at writing is applied to the MONOS to form a chan- 
nel, so that the high voltage on the MONOS side is ap- 
plied to the selection MOS transistor from the channel 
via the diffusion region 30 common to the two transis- 
tors. In Fig. 11 showing the voltage applied state anal- 
ogous to the write voltage state of Fig. 10, a voltage 
close to 5V is applied to the diffusion layer 30 lying be- 
tween the control gate electrode 31 and the memory 
gate electrode 32, and hot electrons are produced at a 
drain end and taken or brought in a charge storage layer 
33. Since the diffusion layer 30 between the control gate 
electrode 31 and the memory gate electrode 32 results 
in 5V, an insulating film for the control gate electrode 31 
needs to reach the thickness of an insulating film for 
each high-voltage MOS. Hence the read operation at 
high speed cannot be performed. As is the case even 
in Fig. 9, it is essential that the selection MOS transistor 
is of a high-withstand voltage type in the case of the 
MONOS type memory cell. 

[0072] One example of a memory cell array having 
adopted the nonvolatile memory cells 1 is shown in Fig. 
16. The nonvolatile memory cells 1 are arranged in ma- 
trix form with 1024 rows x 2048 columns and share 
source lines SL in units of 16 rows x 2048 columns. 64 
nonvolatile memory cells corresponding to one column 
are connected to a sub bit line BL and are respectively 
connected to a main bit line GL via a p channel ZMOS 
19p. When a p channel type MOS transistor is adopted 
as the ZMOS 19p, a propagation signal level is not re- 
duced a threshold voltage before and after the ZMOS 
19p. It is thus possible to satisfactorily cope with a volt- 
age reduction in read signal level to the corresponding 
bit line LB. 

[0073] However, even if an attempt to set the bit line 
LB to a circuit's ground potential (0V) is made when the 
writing or erasure of the nonvolatile memory cell 1 is per- 
formed, the potential of the bit line does not reach a level 
lower than the threshold voltage of the p channel type 
ZNOS 1 9p. In order to solve it, CMOS transfer gates 
may be adopted wherein p channel type ZMOSs 19p 
and n channel type ZMOSs 19n are connected in par- 
allel as illustrated by way of example in Fig. 17. The 
ZMOSs 19p and 19n constituting the CMOS transfer 
gates are respectively switch -control led by decode sig- 
nals of address decoders. Logic designated at numeral 



40 means the final decode output stage of the address 
decoder. 

[0074] Another example of a memory cell array hav- 
ing adopted the nonvolatile memory cells 1 is shown in 
5 Fig. 18. In the example shown in the same figure, n 
channel type discharge MOS transistors 20n switch-op- 
erated complementarity to p channel type ZMOSs 19p 
are provided at their corresponding sub bit lines LB. 
Thus, when the sub bit line LB is selected via the ZMOS 
io I9p, the sub bit line LB is perfectly discharged by the 
corresponding discharge MOS transistor 20n. It is there- 
fore possible to prevent the level of a main bit line GL 
precharged before the start of reading from undesirably 
varying, stabilize a sense operation of a read signal by 
*5 a differential sense amplifier or the like, and make a con- 
tribution to the speeding up of a read operation. The 
ZMOS 19p and the discharge MOS transistor 20n are 
switch-controlled by a decode signal of an address de- 
coder. Logic designated at numeral 41 means the final 
20 decode output stage of the address decoder. 

[0075] The layout of drivers associated with the mem- 
ory cell arrays each having adopted the nonvolatile 
memory cells 1 is illustrated by way of example in Fig. 
1 9. Each of the memory cell arrays 50 and 50 has such 
25 a configuration as explained in Fig. 1 6, for example. The 
first driver 21 and third driver 23 are disposed on one 
side and the second driver 22 and fourth driver 24 are 
disposed on the other side, with the two memory cell 
arrays 50 and 50 being interposed therebetween. The 
30 first driver 21 and the third driver 23 respectively receive 
an address decode signal 51 so that their operations are 
selected. The second driver 22 and the fourth driver 24 
respectively receive an output signal 52 of the first driver 
21 so that their operations are selected. It is thus pos- 
35 sible to separate drivers each operated with a high volt- 
age as an operating source or power supply and circuits 
each operated with a relatively low voltage as an oper- 
ating power supply from side to side. 
[0076] Incidentally, the write operation can be per- 
40 formed in control gate or memory gate units in the con- 
figuration shown in Fig. 1 9. At this time, source lines are 
shared with memory cells corresponding to 1 6 rows as 
units. Further, the source lines are drive-controlled using 
OR signals on sixteen control gate control lines 52. Prog 
45 is a write operation control signal. 

[0077] Within the memory arrays 50 and 50, memory 
gate control lines ML are respectively formed integrally 
with memory gate electrodes and constituted by lami- 
nating low resistance metal layers MGmt over polysili- 
50 con layers MGps. The polysilicon layers MGps and the 
low resistance metal layers MGmt are brought into con- 
tact at suitable spots. Control gate control lines CL are 
also formed integrally with control gate electrodes and 
constituted by laminating low resistance metal layers 
55 CGmt on polysilicon layers CGps. The polysilicon layers 
CGps and the low resistance metal layers CGmt are al- 
so brought into contact at suitable positions. With the 
adoption of a shunt structure wherein polysilicon wirings 
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are backed in the low resistance metal layers, wiring re- 
sistance can be reduced. 

[0078] Discharge MOS transistors 53 for causing the 
memory gate control lines ML to be conducted to a cir- 
cuit's ground potential Vss (0V) in response to a read s 
operation are provided at different positions of the mem- 
ory gate control lines ML. Even if a relatively large delay 
component produced due to the parasitic capacitance 
and wiring resistance or the like of each memory gate 
control line ML exists, the memory gate control line ML 10 
can be rapidly discharged to 0V for the purpose of the 
read operation, so rapid transition to a read operation 
enable state is enabled. 

[0079] In the configurations of the memory cell arrays 
50 described in Figs. 16 through 19, byte (8-bit) writing 15 
is enabled as a write unit. Further, since the write current 
is small as compared with the normal hot electrons be- 
cause of the source side injection as mentioned above, 
writing in control gate control line (word line) units such 
as 128 bytes is also enabled. Though erase units are 20 
basically used as the word line units, the erase units may 
be units that use the source lines SL illustrated by way 
of example in Fig. 16 in common. Alternatively, units of 
a plurality of source lines SL may be batch-collected. 
[0080] Incidentally, when defect relief in a word line 25 
direction is taken into consideration, the unit of the de- 
fect relief results in the unit that uses at least the source 
line SL in common. In order to carry out the defect relief, 
although not shown in the drawing in particular, there 
are provided a relief memory array replaced with a de- 30 
fective portion, a relief address program circuit which 
stores an address to be relieved through a nonvolatile 
memory or the like, an address comparator which com- 
pares the address stored in the relief address program 
circuit with an access address, and a relief selection cir- 35 
cuit. When the result of comparison by the address com- 
parator indicates that they coincide with each other, the 
relief selection circuit prohibits accessing based on the 
access address and operates the relief memory array 
by use of a relief address related to the coincidence as 40 
an alternative to it. 

[0081 ] Figs. 20 through 22 show other sectional struc- 
tures of the nonvolatile memory cell 1 according to the 
present invention. As illustrated by way of example in 
Fig. 20, a charge storage region 1 1 and a memory gate 45 
electrode 1 4 may be disposed above a control gate elec- 
trode 18. As shown in Fig. 21 , a charge storage region 
11 and a memory gate electrode 14 are disposed adja- 
cent to a control gate electrode 1 8, and the memory gate 
electrode 14 may be formed as a sidewall gate. Alter- 50 
natively, as shown in Fig. 22, a control gate electrode 
1 8 may be formed as a sidewall gate. 
[0082] Although not shown in the figure in particular, 
the charge storage region 11 is not limited to adoption 
of a charge trapping insulating film covered with an in- 55 
sulating film, like the above-described silicon nitride film 
(silicon nitride film). As an alternative to it, a conductive 
floating gate electrode (e.g., polysilicon electrode) cov- 
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ered with an insulating film, or a conductive particle layer 
or the like covered with an insulating film may be adopt- 
ed. The conductive particle layer can be constituted by, 
for example, nanodots in which polysilicon is formed in 
dot form. 

[0083] A whole configuration of a semiconductor de- 
vice, e.g., a microcomputer in which a nonvolatile mem- 
ory having adopted the nonvolatile memory cells de- 
scribed above is provided on-chip, is shown in Fig. 24. 
Although not restricted in particular, the microcomputer 
60 is formed on one semiconductor substrate (semicon- 
ductor chip) like monocrystal silicon by a CMOS inte- 
grated circuit manufacturing technology. The microcom- 
puter 60 includes a CPU (Central Processing Unit) 61 , 
a RAM 62 which serves as a volatile memory, a flash 
memory module 63 which serves as a nonvolatile mem- 
ory, a flash memory controller 64, a bus state controller 
65, an input/output circuit (I/O) 66 such as an input/out- 
put port circuit or the like, and other peripheral circuit 
67. Those circuit modules are connected to an internal 
bus 68. The internal bus 68 includes signal lines respec- 
tively used for addresses, data and control signals. The 
CPU 61 includes an instruction controller and an exe- 
cution unit, and decodes a fetched instruction and per- 
forms arithmetic processing according to the result of 
decoding. The flash memory module 63 stores an oper- 
ation program for the CPU 61 and data therein. The 
RAM 62 serves as a work area or a data temporary stor- 
age area for the CPU 61. The operation of the flash 
memory module 63 is controlled based on control data 
set to the flash controller 64 by the CPU 61 . The bus 
state controller 65 controls the number of access cycles, 
waist state insertion, a bus width, etc. with respect to 
access and external bus access via the internal bus 68. 
[0084] A circuit indicated by an area 69 surrounded 
by a chain double-dashed line in Fig. 24 means a circuit 
portion constituted by MOS transistors relatively thin in 
gate oxide film. Circuits other than the area 69 result in 
circuit portions constituted by high-voltage MOS transis- 
tors relatively thick in gate oxide film. As the circuit por- 
tion, is mentioned, for example, an area formed with 
high-voltage drivers 22 and 24, etc. in the flash memory 
module 63. 

[0085] A detailed one example of the flash memory 
module is shown in Fig. 25. A memory array 70 has such 
configurations as described in Figs. 16 and 19 and the 
like. A driver circuit 71 is a circuit block provided with 
the drivers 23 and 21 , etc. A driver to be output-operated 
in accordance with a code signal is selected by the cor- 
responding address supplied from an X address decod- 
er (XDCR) 73. A driver circuit 72 includes the drivers 22 
and 24, etc. A driver to be output-operated is selected 
in accordance with a control gate control line CL state 
or the like. A sense amplifier circuit and write controller 
78 is connected to global bit lines GL. The sense ampli- 
fier circuit 78 amplifies and latches read data read out 
into the corresponding global bit line GL. The write con- 
troller 78 latches write control information to be supplied 
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to the corresponding global bit line upon a write opera- 
tion. The sense amplifier circuit and write controller 78 
is connected to a data input/output buffer (DT8) 80 via 
a Y selection circuit (YG) 79 and is hence capable of 
interfacing with a data bus 68D included in the internal 
bus 68. Upon a read operation, the Y selection circuit 
78 selects read data latched in the sense amplifier circuit 
78 in accordance with an address decode signal output- 
ted from a Y address decoder (YDCR) 74. The selected 
read data can be outputted to the outside via the data 
input/output buffer 80. Upon the write operation, the Y 
selection circuit 78 controls to which global bit line write 
data supplied from the data input/output buffer 80 is 
caused to correspond and whether the write data is 
latched in the write controller 78. 
[00861 An address signal is supplied from an address 
bus 68A to an address buffer 75 from which it is supplied 
to the X address decoder 73 and the Y address decoder 
74. A voltage generator (VS) 77 generates operating 
power supplies necessary for reading, erasure and writ- 
ing, based on external power supplies Vdd and Vss. 
Considering write operating voltages shown in Fig. 2, 
for example, they result in Vdd = 1.8V, VCCE = 12V, 
VCCP = 8V and VCCD = 6V. 

[0087] A controller (CONT) 76 performs a control se- 
quence of a read operation, an erase operation and a 
write operation of the flash memory module 63 and 
switching control on the operating power supplies there- 
for in accordance with the control information set to the 
flash memory controller 64. The switching control on the 
operating power supplies corresponds to control for 
switching the operating power supplies of the drivers 21 
through 24 according to the operating modes of Fig. 2 
in accordance with the read operation, erase operation 
and write operation. 

[0088] Other write voltage conditions and the like with 
respect to the nonvolatile memory cell are illustrated by 
way of example in Fig. 31 . A basic difference between 
Fig. 31 and Fig. 2 resides in that the power supply volt- 
age Vdd is changed from 1 .8V to 1 .5V, and the memory 
gate voltage Vmg at reading is changed from 0V to Vdd 
= 1 .5V. Further, the source voltages Vs and memory 
gate voltage Vmg at writing (Program) and erasure 
(Erase) are also changed. A hierarchical structure using 
ZMOSs 1 9 is not adopted for each bit line BL in Fig. 31 . 
The adoption of such a bit line hierarchical structure as 
shown in Fig. 2 is allowed. Even in Fig. 31, an effect 
similar to Fig. 2 can be obtained. 
[0089] Another example related to the layout of a 
memory cell array having adopted the nonvolatile mem- 
ory cells 1 , and drivers is shown in Fig. 32. In the exam- 
ple of Fig. 32 in a manner similar to Fig. 1 9, the control 
gate drivers 21 respectively receive address decode 
signals so that their operations are selected, whereas 
memory gate drivers 22 A and source drivers 24 are re- 
spectively provided so that their operations are selected 
based on the outputs of the control gate drivers 21 . The 
control gate drivers 21 are disposed on one side and the 



memory gate drivers 22A and source drivers 24 are dis- 
posed on the other side, with a memory array 50 being 
interposed therebetween. Thus, drivers each operated 
with a high voltage as an operating power supply and 
circuits each operated with a relatively low voltage as 
an operating power supply are separated from one an- 
other. A configuration described till here is identical to 
that shown in Fig. 19, and the points of difference be- 
tween Fig. 32 and Fig. 19 will be explained below. Inci- 
dentally, since the memory gate driver 22A increases in 
drive load with respect to the memory gate driver 22, it 
may have drive capacity larger than that of the memory 
gate driver 22 where the memory gate driver 22A falls 
short of it. 

[0090] The first point of difference is that memory gate 
control lines ML are commonly connected in plural units. 
That is, the memory gate control lines ML paired with 
the control gate control lines CL share the use of the 
memory gate driver 22A in sixteen units, for example. 
The source lines SL also share the use of the source 
driver 24 in sixteen units, for example. At this time, the 
number Nm1 of the memory gate control lines ML 
shared by the memory gate driver 22A satisfies a con- 
dition (Nm1 =§Ns1 ) that it is set less than or equal to the 
number Ns1 of the source lines SL shared by the source 
driver 24. 

[0091 ] The above conditions result from the following 
reasons. When the current is caused to flow between 
the source and drain to thereby apply a high voltage to 
the memory gate electrode 1 4 as a write format relative 
to the nonvolatile memory cell, the electric field between 
the source and memory gate of a write non-selected 
nonvolatile memory cell that shares the memory gate 
control lines ML between the write non-selected nonvol- 
atile memory cell and a write selected memory cell does 
not increase in particular if the source potential Vs for 
causing the current to flow between the source and drain 
of the write selected memory cell is applied to its corre- 
sponding source line SL. In the examples shown in Figs. 
31 and 32, the difference in potential between the 
source and memory gate is about 6V. If the source po- 
tential is of a low source potential for write non-selection, 
then a large potential difference like 12V is formed be- 
tween the source and memory gate of the write non-se- 
lected memory ceil that shares the memory gate control 
lines between the write non-selected memory cell and 
the write selected memory cell. There is a possibility that 
this will bring about the action of a large electric field 
comparable to at erasure. A disturbance occurs that 
such a large electric field undesirably changes the 
threshold voltage of a memory cell placed in a write 
state. The above relationship between the number of the 
memory gate control lines ML shared by the memory 
gate driver 22 A and the number of source lines SL 
shared by the source driver 24 is of use in preventing 
the fear of such a disturbance beforehand. 
[0092] The reasons thereof will be further described 
in detail. Fig. 33 illustrates by way of example a circuit 
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format in which memory gate control lines ML are indi- 
vidually driven by their corresponding drivers 22 in a 
one-to-one correspondence relation between the mem- 
ory gate control line and the control gate control line as 
shown in Fig. 1 9. A disturbed one is only a memory cell 
designated at A lying in the same row in which the mem- 
ory gate control line ML is shared with a write selected 
memory cell. Since 6V is applied to a source line SL in 
a manner similar to the write selected memory cell even 
in the case of the memory cell indicated by A, only a 
potential difference of about 6V occurs between the 
source and memory gate thereof. Therefore, such a 
large electric field as produced upon erasure does not 
occurs, so this results in an allowable disturbance. If oth- 
er memory cells are different from the write selected 
memory cell in memory gate control line ML even if the 
source line is commonly connected to each write select- 
ed memory cell in Fig. 33, only an electric filed opposite 
in direction to that at the erasure occurs between the 
source and memory gate, so that a disturbance at writ- 
ing does not occur. A voltage applied state of the mem- 
ory cell in the state of the above-described allowable 
disturbance is represented as shown in Fig. 35 if de- 
scribed in detail. In the case of Fig. 34 corresponding to 
Fig. 32, the potential difference of about 6V occurs be- 
tween the source and memory gate in each of memory 
cells designated at B and C in a manner similar to the 
memory cell designated at A. However, this is the same 
as the memory ceil designated at A in Fig. 33 and hence 
only the allowable disturbance occurs. This is because 
when the number of memory gate control lines ML se- 
lected for writing is larger than the number of source 
lines for write selection in Fig. 34, a potential difference 
of 12V is formed, in the direction of the same electric 
field as at erasure, between the source and memory 
gate of each memory cell connected to the write non- 
selected source line and the write selected memory gate 
control line from the relationship in which OV is applied 
to the write non-selected source line and 12V is applied 
to the write selected memory gate line, whereby the 
memory cell is placed in a state comparable to that at 
erasure. 

[0093] Under the above condition Nm1^Ns1, the 
memory gate driver 22A is shared between the memory 
gate control lines ML and the source driver 24 is shared 
between the source tines SL, whereby a chip occupied 
area formed by the drivers 22A and 24 can be signifi- 
cantly reduced as illustrated by way of example in Fig. 
34. In Fig. 33, the memory gate drivers 22 are disposed 
1 024 with respect to 1 024 control gate control lines CL, 
whereas in Fig. 34, they may be provided 64 equal to 
one-sixteenth the 1024 memory gate drivers. 
[0094J The second point of difference resides in a log- 
ic structure for generating drive control signals used for 
the memory gate driver 22A and the source driver 24. 
That is, as shown in Fig. 32, the memory gate driver 22A 
and the source driver 24 are configured so as to be driv- 
en based on the output of an OR circuit 90 for forming 



ORing of selected states corresponding to their corre- 
sponding sixteen control gate control lines CL0 through 
CL15. At this time, in order to reduce the routing of the 
control gate control lines CL0 through CL1 5, the OR cir- 

5 curt 90 is disposed close to a memory array 50, and a 
OR result signal CLoutO thereof is supplied to the drivers 
22A and 24. Thus, such wire routing as illustrated by 
way of example in Fig. 36 becomes unnecessary. Fur- 
ther, there is no need to extend control gate control lines 

10 CL0 through CL1 5 in the vicinity of a driver 22A and input 
them to an OR circuit 100. 

[0095] A specific configuration of the OR circuit 90 is 
shown in Fig. 37. The OR circuit 90 comprises a NOR 
(NOR) gate. In the drawing, a NOR gate 91 is interposed 

is in its subsequent stage. The NOR gate 91 is not used 
with respect to instructions for a read operation by a sig- 
nal Read, and a voltage Vdd is applied to all memory 
gates. In other words, the NOR gate 91 is used for erase 
and write operations other than the read operation. 

20 [0096] In order to reduce a layout area of the NOR 
gate 90 in particular, extended portions of control gate 
control lines CL0 through CL15 are constituted using 
transistors Q0 through Q15 used as gate electrodes. A 
layout configuration of the NOR gate 90 is illustrated by 

25 way of example in Fig. 38. 

[0097] The third point of difference resides in an im- 
provement made from the viewpoint of speeding up of 
the read operation. That is, as illustrated by way of ex- 
ample in Fig. 32, a plurality of charge MOS transistors 

30 92 for causing the memory gate control lines ML0, ... to 
be conductive to the power supply voltage Vdd in re- 
sponse to the read operation are respectively provided 
at different positions of the memory gate control lines 
ML. The time required to cause the corresponding mem- 

35 ory gate control line ML to transition to a desirable level 
from the read operation viewpoint can be shortened. 
The charge MOS transistor 92 is brought to an on state 
in response to a state for instructing rewrite disable by 
a signal SWE. 

40 [0098] Further, as illustrated by way of example in Fig. 
32, there are provided MOS transistors 95 for causing 
the source lines SL0, ... that share the use of the source 
driver 24 in sixteen units, to be conducted to a circuit's 
ground potential in response to the read operation. Fur- 

45 thermore, there are provided coupling MOS transistors 
94 for selectively bringing groups of the source lines SL 
set in sixteen units into conduction. As illustrated by way 
of example in Fig. 39, the coupling MOS transistors 94 
and the MOS transistors 95 are turned on upon the read 

50 operation to thereby make it possible to apparently 
make a resistance reduction in the source line SL. The 
MOS transistors 94 and 95 are respectively brought to 
an on state in response to a state for giving instructions 
for non-writing by a signal P in Fig. 32. 

55 [0099] Fig. 40 is a cross-sectional view showing a first 
embodiment of the present invention, which is illustra- 
tive of a memory cell using a floating gate. The memory 
cell comprises a p type well region PWEL provided over 
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a silicon substrate, an n type diffusion layer MS which 
serves as a source region, an n type diffusion layer MD 
which serves as a drain region, a floating gate FLG, a 
tunnel oxide film FTO, an interlayer insulating film INTP, 
a memory gate electrode MG (material: n type polysili- 
con) for applying a high voltage upon writing/erasure, 
an oxide fiim CAP for protection of the memory gate 
electrode MG, a gate oxide fiim STOX for a selection 
MOS type transistor, a selection gate electrode SG 
made of n type polysiiicon, and an insulating film GA- 
POX for insulating the selection gate electrode SG and 
the memory gate electrode MG. The gate oxide film 
STOX is characterized in that the thickness of the gate 
oxide film STOX is fabricated thinner than that of the 
insulating film GAPOX and that of a high-voltage MOS 
type transistor for writing/erasure. The gate oxide film 
STOX and the insulating film GAPOX are respectively 
formed by other layers. The interlayer insulating film IN- 
TP may be a generally-used laminated structure of ox- 
ide film/nitride film/oxide fiim of silicon in a floating gate 
type. 

[0100] Fig. 41 shows the operation of the cell dis- 
closed in Fig. 40 and how to apply voltages thereto. 
Here, the injection of charges into the floating gate FLG 
is defined as write (Program). A write system indicates 
hot electron writing using source side injection. A volt- 
age Vs applied to the source region MS is 5 volts. A volt- 
age Vmg applied to the memory gate electrode MG is 
1 0 volts. A voltage Vsg applied to the gate electrode SG 
of the selection MOS type transistor is made substan- 
tially identical to the threshold value of the MOS type 
transistor. A generation region of the hot electrons is a 
channel portion below a GAPOX region by which the 
two gate electrodes are isolated from each other, in a 
manner similar to Fig. 40. 

[01 01 J In the case of ejection of charges from the float- 
ing gate FLG, which functions as an erase operation, 
such an electric field as to discharge or eject stored 
charges (electrons) toward the p type well region PWEL 
is generated. When the potential difference is set as 
20V, for example, the voltage Vmg applied to the mem- 
ory gate electrode MG is set to -20 volts, and the voltage 
Vwell applied to the p type well region PWEL is set to 0. 
Alternatively, the voltage Vmg applied to the memory 
gate electrode MG is set to -10 volts, the voltage Vwell 
applied to the p type well region PWEL is set to 1 0V, and 
the voltage Vsg applied to the gate electrode SG is set 
to 1 0 volts. The voltage Vsg applied to the gate electrode 
SG is a voltage necessary to eliminate the difference in 
potential between the gate electrode SG and the p type 
well region PWEL and avoid damage of the gate oxide 
film STOX. 

[0102] If the voltage to the source/drain at reading is 
applied in the direction opposite to that at writing where 
the operating voltage of mixed core logic is 1 .8 volts, 
then the voltage Vs applied to the source region MS is 
set to 0 volt, the voltage Vs applied to the drain region 
MD is set to 1 .8 volts, and the voltage Vsg applied to the 



gate electrode SG is set to 1 .8 volts. If, at this time, the 
threshold value of a memory in an erase state is set 
enough lower than 0, then the voltage Vmg applied to 
the memory gate electrode MG can be read at 0 volt. In 
5 the case of forward reading, the voltage Vd applied to 
the drain region MD may be set to 1 .8 volts and the volt- 
age Vs applied to the drain region MS may be set to 0. 
As one having a high potential for being mixed in addi- 
tion to the core logic, is mentioned, MOS type transistors 
io for I/O each of which handles a signal inputted from out- 
side and outputted to the outside. They cope with volt- 
ages higher than those handled by the core logic, e.g., 
3.3 volts, 2.5 volts, etc. The thickness of a gate insulat- 
ing film of each of these MOS type transistors for I/O is 
15 thinner than the insulating film GAPOX. In the case of 
3.3 volts, the thickness thereof is approximately 8 na- 
nometers, whereas in the case of 2.5 volts, the thickness 
thereof is about 6 nanometers. Since the thickness 
thereof is thinnerthan that of the insulating film GAPOX 
20 that needs a high withstand voltage, these may be 
adopted as the thickness of the gate oxide film STOX. 
As read voltages to be applied, may be used 1 .8 volts 
mentioned previously, or 3.3 volts or 2.5 volts for I/O. 
[01 03] Both the memory cell illustrative of the first em- 
25 bodiment shown in Fig. 40 and other MOS type transis- 
tors mixed therein are shown in Fig. 42 in sectional 
structure. Those newly added to the sectional structure 
of Fig. 42 as notation are device isolation regions SGI, 
a p type well LPWEL for a core logic n MOS type tran- 
30 sistor (Core Logic MOS), a gate oxide film LVGOX there- 
of, a gate electrode LVG thereof, a source/drain region 
LVSD thereof, a p type well HPWEL for a write/erase 
high-voltage MOS type transistor, a gate oxide film 
HVGOX thereof, a gate electrode HVG thereof, a 
35 source/drain region HVSD thereof, a wiring interlayer in- 
sulating film INSM1, a wiring M1a for supplying a low 
output voltage of the core logic MOS type transistor to 
the selection gate electrode SG within a first wiring layer, 
and a wiring M1 b for supplying a high output voltage of 
40 the write/erase MOS type transistor to the memory gate 
electrode MG. Although an upper wiring further exists 
in practice, it is omitted in the present figure. 
[0104] If the gate oxide films STOX, LVGOX and 
HVGOX, and a tunnel oxide film FTO are all defined as 
45 a silicon oxide film and the physical thicknesses of those 
are respectively defined as tS, tL, tH and tF, then the 
relationship of tLstS<tF<tH is established in the non- 
volatile memory device according to the present inven- 
tion. Although the description of a sectional view of the 
50 MOS type transistor for I/O is omitted, the relationship 
of tL<tlO<tF is established if the thickness of its gate 
insulating film is defined as tiO. Even if the same thick- 
ness as the thickness tlO is adopted as the thickness 
tS, the relationship of tL^tS<tF<tH is maintained and is 
55 capable of falling into the scope of the present invention. 
If theses films are not constituted of the silicon oxide film 
alone, e.g. , a nitride film is used in part thereof, then the 
thickness relationship that characterizes the present in- 
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vention can be generalized down to the electrical thick- 
ness from the physical thickness. Because the structure 
and thickness of the gate insulating film are set corre- 
sponding to the respective applied voltages and match 
with the feature of the present invention in which a thick- 
ness constitution based thereon is applied even to a cell 
structure. 

[0105] Speaking of other feature of the present inven- 
tion in terms of the relationship of connection between 
the MOS type transistor and the memory cell, the selec- 
tion gate electrode SG and the source/drain region 
LVSD of the MOS type transistor for the core iogic are 
directly connected to each other by the wiring layer M 1 a, 
and the memory gate electrode MG and the source/ 
drain region HVSD of the write/erase MOS type transis- 
tor are directly connected to each other by the wiring 
layer M 1b. 

[0106] Fig. 43 is a cross-sectional view showing a 
second embodiment where the present invention is ap- 
plied to a MONOS type memory ceil that performs dis- 
crete charge storage. Fig. 43 is different from Fig. 40 in 
that a laminated structure is configured wherein the 
charge storage region results in a nitride film SIN of sil- 
icon, an oxide film BOTOX is formed just below the ni- 
tride film SIN, and an oxide film TOPOX is formed just 
above the oxide film Borax. The thickness of the nitride 
film SIN is set to less than or equal to 50 nanometers. 
Assuming that the thickness of the oxide film TOPOX is 
defined as tT and the thickness of the oxide film BOTOX 
is defined as tB, both tT and tB are set so as to reach a 
relationship of tB>tT where stored charges are pull out 
via the oxide TOPOX, whereas both tT and tB are set 
so as to reach a relationship of tB<tT where the stored 
charges are pulled out via the oxide film BOTOX. The 
relationship of the film thickness described in Fig. 42, i. 
e., tL^ tS<tF<tH is similar in either case. While the sil- 
icon nitride film has been illustrated by way of example 
as the charge storage layer in the present embodiment, 
the present invention can be applied even in the case 
of other insulating trap film, e.g., alumina or the like. 
[0107] Fig. 44 shows the operation of the cell dis- 
closed in Fig. 43 and how to apply voltages thereto. Fig. 
44 is basically identical to Fig. 41 but the voltage Vmg 
applied to the memory gate electrode MG is set to 12 
volts where electrical charges are ejected toward the 
memory gate electrode MG and erased. This is a volt- 
age applying method where the thickness of the oxide 
film BOTOX is thicker than that of the oxide film TOPOX. 
The voltage Vmg applied to the memory gate electrode 
MG is set to -12 volts where electrical charges are dis- 
charged into the p type well region PWEL and erased. 
This is a voltage applying method where the thickness 
of the oxide film BOTOX is thinner than that of the oxide 
film TOPOX. Incidentally, the absolute value 12 volts of 
the erase voltage is shown as one example. The present 
invention is not limited by this numerical value. 
[0108] Fig. 45 illustrates by way of example a source/ 
drain structure employed in the memory cell shown in 



Fig. 43. As a premise, the operating voltages corre- 
spond to the write, erase and reverse read shown in Fig. 
44. In this case, the junction withstand voltage of the 
drain may be identical to a 1 .8V-operated CMOS (MOS 
5 type transistorfor core logic). Accordingly, a drain region 
can adopt the same structure as one for core logic. That 
is, the drain region is configured as an LDD structure 
comprising a low density region MDM and a high density 
region MD and can be shared with a source/drain region 
10 of the MOS type transistor for the core logic. Thus, since 
a short channel effect of a selection MOS type transistor 
can be suppressed, its gate length can be shortened. 
This is fit to obtain a large read current under a low volt- 
age. On the other hand, the drain region to which a high 
is voltage is applied upon writing, cannot make use of the 
same structure as the source/drain region of the core 
logictransistor and hence results in a double drain struc- 
ture comprising a high-density region MS and a diffusion 
layer MSM for an improvement in withstand voltage. A 
source region thereof can also be shared with a source/ 
drain region of a high-voltage MOS type transistor for 
write/erase voltage control, and may be configured as 
a structure dedicated for the memory cell as needed. 
[01 09] Fig. 46 shows the difference in channel density 
between the selection MOS type transistor and memory 
MOS type transistor in the memory cell shown in Fig. 
43. In order to secure a large read current under a low 
voltage, the lower the threshold value of the MOS type 
transistor the better. However, when the threshold value 
of the selection MOS type transistor becomes extremely 
low, the selection MOS type transistor is not turned off 
perfectly even where its gate voltage is 0. This leads to 
the fact that a leak current inhibits a normal read oper- 
ation. Accordingly, the threshold value of the selection 
MOS type transistor may preferably be low within a pos- 
itive range. On the other hand, there is a need to suffi- 
ciently lower the threshold value of the memory MOS 
type transistor in order to set the read current high. In 
order to enable long-time storage of charges, the volt- 
age of the memory gate electrode MG at reading may 
preferably be set to 0 volt. Thus, if a premise is made 
that no leak occurs in the selection MOS type transistor, 
then there is a need to make negative the threshold val- 
ue of the memory MOS type transistor placed in an 
erase state. 

[01 1 0] The conventional floating gate type is capable 
of obtaining a sufficient low threshold value by increas- 
ing an erase voltage or applying the erase voltage for a 
long period of time. However, the memory cell using the 
trapacting film as in the present embodiment has the 
characteristic that the threshold value is not reduced to 
a constant value or less. Therefore, it should be neces- 
sary to adjust the channel density and set low the orig- 
inal threshold value in order to lower the threshold value 
of the memory MOS type transistor. If a channel impurity 
density is set such that a neutral threshold value be- 
comes negative, then the post-erasure threshold value 
can be also made negative. If such a setting is done, 
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then a large read current value can be obtained when 
the selection MOS type transistor is turned on to read a 
signal. Accordingly, the difference must be inevitably 
provided between the impurity density of a channel re- 
gion SE of the selection MOS type transistor and the 
impurity density of a channel region ME of the memory 
MOS type transistor. If a comparison is made between 
a p type impurity density Nse of the channel region SE 
and a p type impurity density Nme of the channel region 
ME in the case of the memory cell formed on the p type 
well region PWEL as shown in Fig. 46, then the respec- 
tive impurity densities are set such that the relationship 
of Nse>Nme is established. Alternatively, the p type im- 
purity densities are set identical but an n type impurity 
density of the ME region is set higher than an n type 
impurity density of the SE region. The difference in den- 
sity is one of the essential points of the present inven- 
tion, which aims to obtain a large read current under a 
low voltage. 

[0111] Incidentally, since the amount of change in 
threshold value is suppressed low in an uncontrolled 
state where the threshold value of the memory MOS 
type transistor is set negative upon the use of the con- 
ventional floating gate type, there is a need to suppress 
low the neutral threshold value of the memory MOS type 
transistor. When the voltage of the memory gate elec- 
trode MG is set to 0 upon reading, the neutral threshold 
value thereof may also preferably be set negative. Ac- 
cordingly, the above-described essential point is estab- 
lished regardless of a charge storing method for the 
memory MOS type transistor. 

[0112] Fig. 47 is a cross-sectional view showing a 
third embodiment where the present invention is applied 
to a memory cell using fine particles as a charge storage 
portion. Fine particles DOTS are provided on an under- 
bedding oxide film BOTOX. As the material of each fine 
particle DOTS, may be mentioned polysilicon. Another 
material may be used. The diameter of the particle may 
preferably be 10 nanometers or less. An interlayer insu- 
lating film INTOX is deposited so as to cover up the fine 
particles DOTS, and a memory gate electrode MG is 
mounted just thereabove. The charge storage portion 
may be considered to be equal to a charge storage film 
having a trap property in that it becomes discrete. Ac- 
cordingly, the contents of the present invention de- 
scribed up to now can be applied in any combination 
thereof or all combination thereof. 
[01 13] The relationship of tL^tS<tH and the cell struc- 
ture corresponding to the gist of the present invention 
have been described above. A specific manufacturing 
method will be explained below with reference to a sec- 
tional view showing a fourth embodiment of Fig. 48. Dis- 
closed herein is a sectional structure wherein a sidewall 
spacer GAPSW formed by anisotropic dry etching is 
used as the insulating film GAPOX for insulating the se- 
lection gate electrode SG and memory gate electrode 
MG employed in the second embodiment. The sidewall 
spacer GAPSW is formed by a technique similar to a 



method for forming a sidewall spacer used where an 
LDD (Lightly Doped Drain) structure of a diffusion layer 
employed in a normal MOS type transistor is formed. 
However, an oxide film formed immediately after dry 
5 etching is reduced in withstand voltage due to etch dam- 
age. Since the applied voltage is low and there are not 
provided electrodes adjacent via the sidewall spacer in 
the case of the normal CMOS, the reduction in withstand 
voltage becomes almost trivial. However, when the side- 
io wall spacer is used as the insulating film GAPOX for iso- 
lating the selection gate electrode SG and the memory 
gate electrode MG from each other, it is necessary to 
ensure a withstand voltage of about 15 volts. It is thus 
essential to carry out an annealing process in an oxygen 
is atmosphere for the purpose of an improvement in with- 
stand voltage prior to deposition of polysilicon used as 
the selection gate electrode SG after a silicon oxide film 
deposited over the whole surface is etchbacked by an- 
isotropic dry etching to form the sidewall spacer 
GAPSW. This is a process indispensable to the realiza- 
tion of the memory cell structure according to the 
present embodiment. 

[01 14] Fig. 49 is a cross-sectional view of a fifth em- 
bodiment wherein the gate electrodes of the selection 
MOS type transistors each shown in Fig. 48 are config- 
ured as a structure self-aligned with a memory section. 
This structure is one formed by depositing a gate elec- 
trode material (e.g. polysilicon) over the whole surface 
and effecting an anisotropic dry etching process on it. 
Gate electrodes of selection MOS type transistors 
formed by such a technique correspond to SGR1 and 
SGR2 in the drawing. They are different in shape from 
the gate electrode SG of Fig. 48 having the same func- 
tion but the difference therebeween resides in that point 
alone. That is, the relationship of tL^tS<tH and the like 
corresponding to the gist of the present invention re- 
mains unchanged. 

[01 1 5] Cross-sectional views related to a manufactur- 
ing process at the time that the above memory cell ac- 
cording to the present invention and other MOS type 
transistors are mixed, are disclosed in Figs. 50 through 
56. 

[0116] Fig. 50 will first be explained. Device isolation 
oxide film regions SGI are formed over a p type silicon 
substrate PSUB to form a p type well PWL for an n type 
MOS type transistor (nMOS) for core logic, an n type 
well NWL for a p type MOS type transistor (pMOS) for 
the core logic, a p type well HPWL for a high-voltage 
control n type MOS type transistor (nHVMOS) for writ- 
ing/erasure, an n type well HNWLfor a high-voltage con- 
trol p type MOS type transistor (pHVMOS), and an n 
type well MWL for a memory ceil region. Next, an impu- 
rity for controlling the threshold values of the respective 
MOS type transistors is introduced into regions which 
serve as channel surfaces. Consequently, an nMOS im- 
purity layer NE, a pMOS impurity layer PE, an nHVMOS 
impurity layer HNE, a pHVMOS impurity layer HPE, and 
an impurity layer ME for a memory MOS type transistor 
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are formed. 

[0117] Fig. 51 will next be described. The surface of 
the silicon substrate is cleanly processed. Afterwards, 
a lower oxide film BOTOX (5 nanometers) of the mem- 
ory MOS type transistor is formed by thermal oxidation, s 
and a silicon nitride film SIN (15 nanometers) is depos- 
ited just thereabove by a chemical vapor deposition 
method. Thereafter, the surface of the silicon nitride film 
SIN is subjected to thermal oxidation processing to 
thereby form an upper oxide film TOPOX (2 nanome- 10 
ters). Subsequently, an n type polysilicon layer NMG 
(100 nanometers) which serves as a memory gate elec- 
trode later, and a silicon oxide film CAP (100 nanome- 
ters) for protection of the memory gate electrode MG 
are sequentially deposited. 15 
[0118] Fig. 52 will next be explained. The laminated 
films BOTOX, SIN, TOPOX, NMG and CAP correspond- 
ing to the five layers formed over the silicon substrate 
in Fig. 51 are processed into shapes of gate electrodes 
MG1 and MG2 of the memory MOS type transistor using 20 
a photolithography technology and a dry etching tech- 
nology. They are represented as linear shapes long in 
a depth direction as viewed in the figure. They exist by 
the same number as the number of word lines. However, 
only two lines are typically shown on the drawing. Upon 25 
processing, dry etching is stopped at the stage of expo- 
sure of the surface of the lower oxide film BOTOX, and 
the remaining lower oxide film BOTOX is removed by 
hydrofluoric acid. This is a method for preventing un- 
wanted etching damage to the substrate surface. Owing 30 
to this hydrofluoric acid processing, the substrate sur- 
face is exposed. Subsequently, a thermal oxide film 
BOX (5 nanometers) is formed and a silicon oxide film 
HVGOX (15 nanometers) is deposited thereon. After- 
wards, the oxide films corresponding to the two layers 35 
are provided for the gate oxide films of the high-voltage 
control MOS type transistors. Since only the mere de- 
posited films degrade reliability, a laminated structure is 
adopted. 

[0119] Fig. 53 will next be explained. The resultant 40 
structure is processed by the photolithography technol- 
ogy to form a photoresist film RES1 which covers a re- 
gion for forming the MOS type transistors for the core 
logic and a region for forming the high-voltage control 
MOS type transistors. Thereafter, the oxide film that ex- 45 
ists in the channel region of each selection MOS type 
transistor, is removed by an anisotropic dry etching tech- 
nology effected on the silicon oxide film HVGOX to 
thereby expose the substrate surface. According to this 
process, sidewall spacers GAPSW obtained by so 
processing the silicon oxide film HVGOX is also formed 
simultaneously on each selection MOS type transistor 
side of the memory MOS type transistor. Subsequently, 
an impurity layer SE for threshold-value control is 
formed in the channel region of each selection MOS 55 
type transistor while the photoresist film RES1 is being 
left behind. The impurity densities of the impurity layer 
SE and the impurity layer ME satisfy the relationship dis- 



closed in Fig. 46. 

[0120] Fig. 54 will next be explained. A photoresist 
film RES2 is processed by the photolithography tech- 
nology to open only the region for forming the core-logic 
MOS type transistors. Afterwards, the oxide films of the 
laminated structure comprising the thermal oxide film 
BOX and the silicon oxide film HVGOX are perfectly re- 
moved by the hydrofluoric acid processing. 
[0121] Fig. 55 will next be described. After the pho- 
toresistfilm RES2 described in the previous drawing has 
been removed and the cleaning process has been com- 
pleted, a thermal oxide film (4 nanometers) is formed 
over the exposed silicon substrate surface (core-logic 
MOS type transistor section and selection MOS type 
transistor section). The thermal oxide film results in a 
gate oxide film LVGOX for the core-logic MOS type tran- 
sistors and a gate oxide film STOX for each selection 
MOS type transistor. Although the respective gate oxide 
films for the core-logic MOS type transistors and the se- 
lection MOS type transistors are Indicated as separate 
symbols LVGOX and STOX in the present drawing for 
convenience, the thicknesses of the two become iden- 
tical if the present manufacturing method is taken. Sub- 
sequently, a non-doped polysilicon film (150 nanome- 
ters) is deposited over the whole surface. Afterwards, 
impurities are introduced into the polysilicon film in such 
a manner that an n type is formed on each of the regions 
for forming the nMOS and nHVMOS, and a p type is 
formed on each of the regions for forming the pMOS and 
pHVMOS. The densities of the impurities are respec- 
tively set to 1 x 10 20 /cm 3 or more. Subsequently, a sili- 
con oxide film (20 nanometers) is deposited over the 
whole surface. Afterwards, the laminated film of the 
polysilicon film and the silicon oxide film is processed 
using the photolithography technology and the dry etch- 
ing technology to thereby form a gate electrode LVGn 
for the nMOS, a gate electrode LVGp for the pMOS, a 
gate electrode HVGn for the nHVMOS, and a gate elec- 
trode HVGp for the pHVMOS. At this time, only the end 
of the gate electrode on the source side of each selec- 
tion MOS type transistor is processed in the memory re- 
gion. A gate length in a 0.18u,-generation results in, for 
example, 0.15 micron in the core-logic MOS type tran- 
sistors and 1 .0 micron in the high-voltage control MOS 
type transistors HVMOS. This is however a necessary 
consequence due to the fact that the voltages to be han- 
dled are different from one another. Subsequently, an n 
type source/drain LLDDn having a shallow junction for 
the nMOS, a p type source/drain LLDDp having a shal- 
low junction forthepMOS, an n type source/drain HLD- 
Dp having a high withstand-voltage junction for the nH- 
VMOS, and a p type source/drain HLDDp having a high 
withstand-voltage junction for the pHVMOS are appro- 
priately formed by using the photolithography technolo- 
gy and an ion-implantation technology using impurity 
ions. These sources/drains should be designed on the 
assumption that junction withstand voltages sufficient 
for the voltages to be used are ensured. The core-logic 
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MOS type transistors become higher than the high-volt- 
age control MOS type transistors HVMOS in the density 
of each source/drain impurity introduced here. Although 
an n type diffusion layer MDM is formed at the drain of 
each selection MOS type transistor, the densities of the 5 
impurities for the n type diffusion layer MDM and the n 
type source/drain LLDDn can be made identical to each 
other according to the manufacturing method disclosed 
herein. 

[0122] Fig. 56 will next be explained. A drain region 10 
of the memory MOS type transistor is formed in the 
present drawing. A photoresist film RES3 having an 
opening with respect to the region used as the drain of 
the memory MOS type transistor and whose opening 
end is provided on the memory gate electrodes MG1 15 
and MG2, is formed by a photolithography process. Af- 
terwards, the laminated film of the polysilicon film and 
the silicon oxide film is processed by anisotropic dry 
etching to thereby form gate electrodes SG1 and SG2 
of the two selection MOS type transistors. Subsequent- 20 
ly, ion-implantation of an n type impurity is effected with- 
out removing the photoresist film RES3 to thereby form 
a source region MSM of the memory MOS type transis- 
tor. 

[0123] Fig. 57 will next be described. A silicon oxide 25 
film (100 nanometers) is deposited over the whole sur- 
face and subsequently the anisotropic dry etching is ef- 
fected on the whole surface. Owing to this processing, 
spacers SWSPLDD are formed on their corresponding 
sidewalls of all the gate electrodes. High-density n type 30 
diffusion layers NSD and MS, and high-density p type 
diffusion layers PSD are respectively formed in sources/ 
drains of all the n type transistors and sources/drains of 
p type transistors by ion implantation and heat treat- 
ment. Subsequently, the oxide films are removed from 35 
all the sources/drains NSD, MS and PSD and gate elec- 
trodes LVGn, LVGp, HVGn, HVGp, SG1 and SG2 to 
thereby expose silicon. A metal cobalt (1 0 nanometers) 
is deposited over the whole surface and subjected to 
heat treatment at 700°C to thereby form a self-aligned 40 
cobalt silicide. Unreacted unnecessary cobalt is re- 
moved by cleaning, followed by execution of processing 
at 750°C again , whereby a low- resistance cobalt silicide 
layer COSI is formed. Thereafter, an insulating oxide 
film INSM1 is deposited over the whole surface. A sub- 45 
sequent wiring process is allowed to use the conven- 
tional art. 

[0124] Fig. 58 shows one embodiment of a memory 
array configured using a memory cell technology of the 
present invention. A basic configuration thereof is of a 50 
NOR type and takes a hierarchical bit line structure. In 
the present embodiment, two global bit lines are typical- 
ly shown for simplification. A global bit line BLP is con- 
nected to a sense amplifier SAP. The global bit line BLP 
has branches to local bit lines. ZAP indicates a selection 55 
MOS type transistor for selecting a local bit line LBAP. 
A plurality of memory cells MPA1 through MPA4 are con- 
nected to the local bit line LBAP. Although four memory 
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cells are typically shown in the figure, the number of 
memory cells to be connected might be sixteen, thirty- 
two or sixty-four. Selection MOS type transistors of the 
memory cells are connected to the local bit line LBAP. 
The selection MOS type transistor ZAP and the memory 
cells MPA1 through MPA4 are collectively referred to as 
a block BLCPA. In a block BLCQA arranged symmetri- 
cally with the block BLCPA, memory cells MQA1 through 
MQA4 are connected to a local bit line LBAQ, and ZAQ 
indicates a MOS type transistor for selecting them. A 
global bit line corresponding to the block BLCQA is des- 
ignated at BLQ and connected to a sense amplifier SAQ. 
The selection MOS type transistors ZAP and ZAQ are 
MOS type transistors each having the same gate oxide- 
film thickness as each of the core-logic MOS type tran- 
sistors. A driver for transmitting a signal to gate elec- 
trodes of the selection MOS type transistors ZAP and 
ZAQ is designated at ZSLA. The driver ZSLA is also 
constituted of a core-logic MOS type transistor. The gate 
electrodes of the cell selection MOS type transistors are 
connected to their corresponding word lines which ex- 
tend across the blocks adjacent to each other in the hor- 
izontal direction. For example, the gate electrode of the 
cell selection MOS type transistor of the memory cell 
MPA1 that belongs to the block BLCP is connected to a 
word line WAP1 , whereas the gate electrode of the cell 
selection MOS type transistor of the memory cell MPA2 
that belongs to the block BLCQ is connected. One for 
selecting the word line WAP1 is a driver WSLA1. This 
also makes use of the core-logic MOS type transistor. 
Drivers WSLA2 through WSLA4 are associated with 
word lines WAP2 through word lines WAP4 in a one-to- 
one relationship. The drivers WSLA1 through WSLA4 
and the driver ZSLA are collectively referred to as a driv- 
er group DECA. Memory gates also cross in the hori- 
zontal direction. MWAP1 is a wiring used in common 
with the memory gates of the memory cell MPA1 and 
the memory cell MQA1 . In order to apply a high voltage 
upon writing/erasure, a driver MGSLA1 forsupplying the 
voltage to the wiring MWAP1 is made up of a high-volt- 
age MOS type transistor. Drivers MGSLA2 through 
MGSLA4 are associated with wirings MWAP2 through 
MWAP4 in a one-to-one relationship. There is a need to 
supply 5 volts to a wiring COMSL shared between the 
block BLCPA and the block BLCQA upon writing. This 
is done by a driver PRVS constituted of a high-voltage 
MOS type transistor. The drivers MSGLA1 through 
MSGLA4 and the driver PRVSA each comprising the 
high-voltage MOS type transistor are collectively re- 
ferred to as a driver group HVDRVA. As shown in the 
figure, other blocks BLPB and BLQB are further con- 
nectedto the global bit lines BLP and BLQ respectively. 
Driver groups DECB and HVDRVB corresponding to 
them exist. Similarly, blocks BLPC and BLQC, and driv- 
er groups DECC and HVDRVC exist. Upon reading, the 
individual drivers contained in the driver groups DECA 
through DECC select the word lines in accordance with 
addresses respectively. Since, however, these have 
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performance equivalent to the core logic, the selected 
word line can be driven at high speed. Accordingly, the 
reading of information can be performed at high speed. 
This is a method of constituting the memory array cor- 
responding to the memory cell structure of the present 
invention. 

[01 25] Fig. 59 shows a structure for reducing captur- 
ing of electrons at writing into regions other than a trap 
film in a memory cell of the present invention. While the 
memory cell of the present invention is basically identi- 
cal to the memory cell described up to now, the present 
memory cell is characterized by the shape of an insu- 
lating film isolating a selection gate electrode SG and a 
memory gate electrode MG from each other and its 
forming method. As shown in the drawing, the shape of 
the insulating film at a sidewall portion of MG, which iso- 
lates SG and MG from each other, is made thick at the 
sidewall portion of MG, and thin at a sidewall portion of 
the trap film SIN. The injection of electrons by source 
side/injection occurs in the vicinity of an MG end close 
to SG. However, it is not possible to avoid that some of 
the electrons are stored in the insulating film for sepa- 
rating SG and MG from each other. Since the region for 
its storage does not corresponds to the original electron 
storage portion, a necessary electric field cannot be ap- 
plied upon erasure, so it is hard to discharge or eject the 
stored electrons. Consequently, there is a possibility 
that desired write and erase operations will be inhibited. 
Accordingly, this region corresponds to an allowable 
range of withstand voltages of SG and MG and may 
preferably be set as narrow as possible. Thickening only 
the thickness of the insulating film in the region in which 
the side surfaces of SG and MG are opposite to each 
other makes it possible to ensure withstand voltages for 
SG and MG without impairing the original write and 
erase operation. 

[0126] A method of manufacturing the memory cell 
will be explained using Figs. 60 through 62. In Fig. 60, 
MG is processed by anisotropic dry etching and there- 
after an oxide film ISSGOX of abut 10 nanometers is 
adhered or bonded onto the whole surface by a method 
called ISSG oxidation. This oxidation method has been 
described in IEEE Electron Device Letters (IEEE ELEC- 
TRON DEVICE LETTERS), Volume 21, No. 9, Sept. 
2000, pp 430 - 432. This is a technology capable of form- 
ing a thin oxide film high in withstand voltage and quality. 
The present technology brings about one characteristic 
even in that oxide films equal in thickness can be formed 
not only over a silicon surface but also over the surface 
of a nitride film. An oxide film excellent in withstand volt- 
age can be adhered even onto an exposed sidewall of 
a storage trap film. 

[0127] Fig. 61 is a process following Fig. 60. Although 
thermal oxidation is added after ISSGOX has been ad- 
hered, SIN sidewalls are almost non-oxidized, and the 
sidewall of MG corresponding to polysilicon is oxidized 
thick. According to this process, the insulating film be- 
tween SG and the storage trap film can be made thin, 



and the insulating film between SG and MG can be 
made thick. 

[0128] Fig. 62 is a process following Fig. 61 . The sur- 
face of the silicon substrate is also thermal-oxidized im- 

s mediately after the formation of the shape of Fig. 61 . 
When the oxide film is now anisotropically etched, only 
the oxide film formed over the substrate surface is re- 
moved, so that a thick oxide film GAPOX-TH of the MG 
sidewall can be left as a necessary insulating film shape. 

io The surface of the silicon substrate is retreated by the 
removed thermal oxide film. Thereafter, a thin gate oxide 
film STOXR for a selection MOS type transistor may be 
thermally formed after a cleaning process. Subsequent- 
ly, SG, a source (MSM and MS), and a drain (MDM and 

15 MD) may be formed sequentially. They are similar to oth- 
er executed items of the present invention. Incidentally, 
the structure described with reference to Figs. 59 
through 62 can be used even when any of the floating 
gate, trap film and conductive fine particles is used. 

20 [0129] Fig. 63 shows a handling method taken where 
a deposited oxide film is used for the gate insulating film 
of the selection MOS type transistor. A large amount of 
defects normally exist in the deposited oxide film and 
lead to unwanted charge storage and leak currents. A 

25 drawback arises in that when the deposited oxide film 
is used as the gate insulating film, reliability becomes 
significantly low. An article of Kamigaki et at. published 
in "Journal of Applied Physics in 1996" NO. 80, pp 3430 
describes that a defect (E' center) in an oxide film can 

30 be reduced by heat treatment in an oxygen atmosphere, 
and an interface state (Pb center) can be reduced by 
high-temperature heat treatment in a hydrogen atmos- 
phere. If this method is used where the gate insulating 
film of each selection MOS type transistor constituting 

35 the memory cell of the present invention is formed by 
the deposited oxide film, the selection MOS type tran- 
sistor can be used as a high-reliable MOS type transis- 
tor. GAPOX may be formed using the etchback system 
described in Fig. 48. Thereafter, a deposited oxide film 

40 STOXCV is adhered onto the whole surface. The de- 
posited oxide film STOXCV is provided for insulating the 
selection gate electrode SG and the memory electrode 
MG and simultaneously exists even just below SG. Fur- 
ther, the deposited oxide film STOXCV functions even 

45 as the gate insulating film of the selection MOS type 
transistor. A procedure for performing heat treatment in 
an oxygen atmosphere immediately after the adhering 
of the STOXCV and subsequently adhering and forming 
SG is executed. In the present invention, the heattreat- 

50 ment in the oxygen atmosphere, which is effected on 
the STOXCV, is defined as pyrogenic oxidation at 800°C 
to 850°C for 1 0 through 20 minutes. Thereafter, diffusion 
layers such as a source MS, a drain MD, etc. are formed. 
The high-temperature heat treatment in the hydrogen 

55 atmosphere may be performed at 700°C to 750°C. With 
application of the heat treatment in the hydrogen atmos- 
phere, electronic conductivity in a silicon nitride film can 
be significantly reduced. Thus, the system used in the 
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present invention, for locally injecting the hot electrons 
into the trap film such as the nitride film and storing them 
therein results in a process important to prevent diffu- 
sion of electrons in the horizontal direction by a self-in- 
duced electric field. The heat treatment in the hydrogen 
atmosphere can achieve the most satisfactory effect by 
application of the heat treatment immediately before a 
wiring process in which other heat treatments at 700°C 
have been all finished. While the STOXCV has been de- 
scribed as the deposited oxide film corresponding to one 
layer, it may take a laminated structure wherein a de- 
posited oxide film is adhered after the formation of a 
thermal oxide film or ISSG oxide film. 
[0130] While the invention made above by the present 
inventors has been described specifically based on the 
illustrated embodiments, the present invention is not 
limited to them. It is needless to say that various chang- 
es can be made thereto within the scope not departing 
from the gist thereof. 

[01 31 ] For example, the correspondence between the 
threshold voltage states and the write/erase states with 
respect to the nonvolatile memory cell is a relative con- 
cept, and the definition opposite to the above may be 
carried out. 

[0132] It is needless to say that the state of the low 
threshold voltage of the nonvolatile memory cell is not 
limited to the depletion type and may be set to the en- 
hancement type. 

[0133] Further, the write, erase and read operating 
voltages may suitably be changed without being limited 
to ones described in Fig. 2. Upon the erase operation, 
no limitation is imposed on the form that the electrons 
in the charge storage region 11 are ejected toward the 
memory gate 14. The direction of the electric field at 
erasure is reversed and the electrons in the charge stor- 
age region 1 1 may be ejected toward the well region 2. 
[0134] The bit lines may not adopt the constitution or 
structure in which they are hierarchized with respect to 
the global bit lines. The bit lines may be connected to 
the sense amplifier circuit or write circuit. Only any one 
of the sense amplifier circuit and the write circuit may 
be set to the above-described hierarchized structure. 
Further, the power supply voltage, write and erase high 
voltages, etc. may suitably be changed to further other 
voltages. 

[0135] The film thickness in the ONO structure of the 
nonvolatile memory cell may take a combination of ones 
close to 3nm (nano-meters), 26.5nm and Onm rather 
than near the channel region or a combination of 5nm, 
10nm and 3nm. 

INDUSTRIAL APPLICABILITY 

[0136] The semiconductor device according to the 
present invention is not limited to a microcomputer in 
which a volatile memory is provided on-chip. The sem- 
iconductor device can be widely applied to a nonvolatile 
memory LSI such as a unitary flash memory, a further 



system on-chipped system LSI relatively large in logic 
scale, etc. In addition, the semiconductor device accord- 
ing to the present invention is applicable even to a mem- 
ory card based on IDE (Integrated Device Electronics) 
5 using a nonvolatile memory, ATA (AT Attachment), etc. 



Claims 

10 1. A semiconductor device comprising: 

a plurality of nonvolatile memory cells each in- 
cluding, 

15 a MOS type first transistor section used for 

information storage, and 
a MOS type second transistor section 
which selects the first transistor section, 

20 wherein the second transistor section has a 

bit line electrode connected to a bit line, and a con- 
trol gate electrode connected to a control gate con- 
trol line, 

wherein the first transistor section has a 
25 source line electrode connected to a source line, a 
memory gate electrode connected to a memory 
gate control line, and a charge storage region dis- 
posed directly below the memory gate electrode, 
and 

30 wherein a gate withstand voltage of the sec- 

ond transistor section is lower than agate withstand 
voltage of the first transistor section. 

2. A semiconductor device comprising: 

35 

a plurality of nonvolatile memory cells each in- 
cluding, 

a MOS type first transistor section used for 
40 information storage, and 

a MOS type second transistor section 
which selects the first transistor section, 

wherein the second transistor section has a 
45 bit line electrode connected to a bit line, and a con- 
trol gate electrode connected to a control gate con- 
trol line, 

wherein the first transistor section has a 
source line electrode connected to a source line, a 
so memory gate electrode connected to a memory 
gate control line, and a charge storage region dis- 
posed directly below the memory gate electrode, 
and 

wherein when the thickness of a gate insulat- 
55 ing film of the control gate electrode of the second 
transistor section is defined as tc, and the thickness 
of a gate insulating film of the memory gate elec- 
trode of the first transistor section is defined as tm, 
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a relationship of tc<tm is established therebetween. 

3. A semiconductor device according to claim 2, 
wherein when the thickness of an insulating film be- 
tween the control gate electrode and the charge 5 
storage region is defined as ti, a relationship of 
tm^ti is established. 

4. A semiconductor device according to claim 1 or 2, 
wherein the bit line electrode and the source line io 
electrode are formed in a well region in which a 
high-density impurity region is not formed therebe- 
tween. 

5. A semiconductor device according to claim 4, is 
wherein the high-density impurity region is a dif- 
fused region of an impurity. 

6. A semiconductor device according to claim 1 or 2, 
wherein the charge storage region is a conductive 20 
floating gate electrode covered with an insulating 
film. 

7. A semiconductor device according to claim 1 or 2, 
wherein the charge storage region is a charge trap 25 
insulating film covered with an insulating film. 

8. A semiconductor device according to claim 1 or 2, 
wherein the charge storage region is a conductive 
fine particle layer covered with an insulating film. 30 

9. A semiconductor device according to claim 1 or 2, 
further including: 

switch MOS transistors each capable of con- 35 
necting the bit line to a global bit line, 



wherein the thickness of a gate oxide film of 
the switch MOS transistor is thinner than the thick- 
ness of a gate oxide film of the first transistor sec- 40 
tion. 

10. A semiconductor device according to claim 9, fur- 
ther including: 

45 

a first driver which drives the control gate con- 
trol line; 

a second driver which drives the memory gate 
control line; 

a third driver which drives the switch MOS tran- so 

sistor to an on state; and 

a fourth driver which drives the source line, 

wherein the first driver and the third driver use 
a first voltage as an operating power supply, and 55 
the second driver and the fourth driver use a voltage 
higher than the first voltage as an operating power 
supply. 



11. A semiconductor device according to claim 1 0, fur- 
ther including: 

a control circuit which sets an operating power 
supply of the first driver to a first voltage, sets 
an operating power supply of the fourth driver 
to a second voltage higher than the first volt- 
age, and sets an operating power supply of the 
second driver to a third voltage greater than or 
equal to the second voltage when a threshold 
voltage of the first transistor section is rendered 
high, thereby enabling injection of hot electrons 
into the charge storage region from the bit line 
electrode side. 

12. A semiconductor device according to claim 11, 
wherein the control circuit sets the operating power 
supply of the second driverto a fourth voltage great- 
er than or equal to the third voltage when the thresh- 
old voltage of the first transistor section is rendered 
Jow, thereby ejecting electrons from the charge stor- 
age region to the corresponding memory gate elec- 
trode. 

13. A semiconductor device according to claim 12, 
wherein the first transistor section whose threshold 
voltage is made low, is set to a depletion type, and 
the first transistor section whose threshold voltage 
is made high, is set to an enhancement type. 

14. A semiconductor device according to claim 11, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the first driver to a first volt- 
age and sets the memory gate electrode and the 
source line electrode to a circuit's ground potential. 

15. A semiconductor device according to claim 11, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the first driver to a first volt- 
age and sets the memory gate electrode and the bit 
line electrode to a circuit's ground potential. 

16. A semiconductor device according to claim 1 0, fur- 
ther including a logic operation unit which performs 
a logical operation with the first voltage as an oper- 
ating power supply. 

17. A semiconductor device according to claim 13, 
wherein each of the first driver and the third driver 
receives an address decode signal so that an oper- 
ation thereof is selected, and each of the second 
driver and the fourth driver receives the output of 
the first driver so that an operation thereof is select- 
ed. 

18. A semiconductor device according to claim 17, 
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45 

wherein the first driver and the third driver are dis- 
posed on one side and the second driver and the 
fourth driver are disposed on the other side, with an 
array of the nonvolatile memory cells being inter- 
posed therebetween. s 

19. A semiconductor device according to claim 18, 
wherein in the array of the nonvolatile memory cells, 
memory gate control lines are formed integrally with 
memory gate electrodes, and low resistance metal 10 
layers are laminated over polysilicon layers respec- 
tively. 

20. A semiconductor device according to claim 18, 
wherein discharge MOS transistors for causing the 15 
memory gate control lines to be conducted to a cir- 
cuit's ground potential in response to a read opera- 
tion are provided at different positions of the mem- 
ory gate control lines. 

20 

21. A semiconductor device according to claim 9, 
wherein each of the switch MOS transistors is a p 
channel type MOS transistor. 

22. A semiconductor device according to claim 21, 25 
wherein n channel type discharge MOS transistors 
switch -operated complementarily to the switch 
MOS transistors are provided at their correspond- 
ing bit lines. 

30 

23. A semiconductor device according to claim 9, 
wherein the switch MOS transistors are mutually 
para I lei -connected n channel type MOS transistors 
and p channel type MOS transistors which consti- 
tute CMOS transfer gates. 35 

24. A semiconductor device comprising: 

nonvolatile memory cells disposed over a sem- 
iconductor substrate in matrix form, 40 

wherein said each nonvolatile memory cell in- 
cludes in the semiconductor substrate a source line 
electrode connected to a source line, a bit line elec- 
trode connected to a bit line, and channel regions 45 
interposed between the source line electrode and 
the bit line electrode, and includes over the channel 
regions a control gate electrode disposed near the 
bit line electrode via a first insulating film and con- 
nected to a control gate control line, and a memory so 
gate electrode disposed via a second insulating film 
and a charge storage region, electrically separated 
from the control gate electrode and connected to a 
memory gate control line, and 

wherein a withstand voltage of the first insu- 55 
lating film is lower than a withstand voltage of the 
second insulating film. 



46 

25. A semiconductor device according to claim 24, fur- 
ther comprising control gate drivers each of which 
drives the control gate control line, memory gate 
drivers each of which drives the memory gate con- 
trol line, and source drivers each of which drives the 
source line, 

wherein the control gate driver uses a first 
voltage as an operating power supply, and each of 
the memory gate driver and the source driver uses 
a voltage higher than the first voltage as an operat- 
ing power supply. 

26. A semiconductor device according to claim 25, fur- 
ther comprising a control circuit which sets an op- 
erating power supply of the control gate driver to a 
first voltage, sets an operating power supply of the 
source driver to a second voltage higher than the 
first voltage, and sets an operating power supply of 
the memory gate driver to a third voltage greater 
than or equal to the second voltage when a thresh- 
old voltage of the nonvolatile memory cell as viewed 
from the memory gate electrode is rendered high, 
thereby enabling injection of electrons into the 
charge storage region from the bit line electrode 
side. 

27. A semiconductor device according to claim 26, 
wherein the control circuit sets the operating power 
supply of the memory gate driver to a fourth voltage 
greater than or equal to the third voltage when the 
threshold voltage of the nonvolatile memory cell as 
viewed from the memory gate electrode is rendered 
low, thereby ejecting electrons from the charge stor- 
age region to the corresponding memory gate elec- 
trode. 

28. A semiconductor device according to claim 25, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the control gate driver to a 
first voltage and sets the memory gate electrode 
and the source line electrode to a circuit's ground 
potential. 

29. A semiconductor device according to claim 25, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the control gate driver to a 
first voltage and sets the memory gate electrode 
and the bit line electrode to a circuit's ground poten- 
tial. 

30. A semiconductor device according to claim 24, fur- 
ther including a logic operation unit which performs 
a logical operation with the first voltage as an oper- 
ating power supply. 

31. A semiconductor device according to claim 25, 
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wherein the control gate driver receives an address 
decode signal so that an operation thereof is select- 
ed, and each of the memory gate driver and the 
source driver is based on the output of the control 
gate driver so that an operation thereof is selected. 

32. A semiconductor device according to claim 31, 
wherein the control gate drivers are disposed on 
one side and the memory gate drivers and the 
source drivers are disposed on the other side, with 
an array of the nonvolatile memory cells being in- 
terposed therebetween. 

33. A semiconductor device according to claim 32, 
wherein in the array of the nonvolatile memory cells, 
memory gate control lines are formed integrally with 
memory gate electrodes, and low resistance metal 
layers are laminated over polysilicon layers respec- 
tively. 

34. A semiconductor device according to claim 25, 
wherein in the array of the nonvolatile memory cells, 
the memory gate drivers are shared in plural units 
of the memory gate control lines paired with the con- 
trol gate control lines and the source drivers are 
shared in plural units of the source lines paired with 
the control gate control lines, and the number of the 
memory gate control lines shared by the corre- 
sponding memory gate driver is less than or equal 
to the number of the source lines shared by the cor- 
responding source driver. 

A semiconductor device according to claim 34, 

wherein the memory gate driver and the 
source driver are driven based on the output of an 
OR circuit which forms the OR of selected states 
with respect to their corresponding plural control 
gate control lines, and 

wherein an input stage of the OR circuit is pro- 
vided with transistors using extended portions of the 
control gate control lines as gate electrodes thereof. 

A semiconductor device according to claim 24, 
wherein a plurality of charge MOS transistors for re- 
spectively causing the memory gate control lines to 
be conducted to the first power supply voltage in 
response to a read operation are provided at differ- 
ent positions of the memory gate control lines. 

37. A semiconductor device according to claim 24, fur- 
ther comprising discharge MOS transistors for re- 
spectively causing the source lines to be conductive 
to a circuit's ground potential in response to a read 
operation, and coupling MOS transistors for respec- 
tively performing connection between the source 
lines in response to the conduction of the discharge 
MOS transistors to the ground potential. 
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38. A semiconductor device according to claim 25, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the control gate driver to a 
first voltage, sets the source line electrode to a cir- 
cuit's ground potential, and sets the memory gate 
electrode to a voltage higher than the ground po- 
tential. 

39. A semiconductor device according to claim 25, 
wherein when information stored in the nonvolatile 
memory cell is read, the control circuit sets the op- 
erating power supply of the control gate driver to a 
first voltage, sets the bit line electrode to a circuit's 
ground potential, and sets the memory gate elec- 
trode to a voltage higher than the ground potential. 

40. A nonvolatile semiconductor memory device com- 
prising: 
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memory cells each comprising, 

a memory holding first MOS type transis- 
tor; and 

a second MOS type transistor which se- 
lects the first MOS type transistor, 

wherein an insulating film for isolating be- 
tween respective gate electrodes of the first and 
second MOS type transistors and a gate insulating 
film of the second MOS type transistor are consti- 
tuted by separate layers, a diffusion layer is not pro- 
vided below between the adjacent gate electrodes, 
and the thickness of the gate insulating film is thin- 
ner than the thickness of a gate insulating film that 
is thickest, which is existent in mixed form within the 
same chip. 

41. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
transistor which selects the first MOS type tran- 
sistor; 

a third MOS type transistor which performs a 

major logic operation; and 

a fourth type MOS transistor which handles a 

voltage for rewriting information of the memory 

cell, 

wherein when a physical thickness of a gate 
insulating film of the second MOS type transistor is 
defined as tS, a physical thickness of a gate insu- 
lating film of the third MOS type transistor is defined 
as tl_, and a physical thickness of a gate insulating 
film of the fourth MOS type transistor is tH, a thick- 
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ness relationship of tL^tS<tH is established therea- 
mong. 

42. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate In s 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
transistor which selects the first MOS type tran- 10 
sistor; 

a third MOS type transistor which performs a 

major logic operation; and 

a fourth type MOS transistor which handles a 

voltage for rewriting information of the memory 15 

cell, 

wherein when an electrical thickness of a gate 
insulating film of the second MOS type transistor is 
defined as tS, an electrical thickness of a gate in- 20 
sulating film of the third MOS type transistor is de- 
fined as tl_, and an electrical thickness of a gate in- 
sulating film of the fourth MOS type transistor is tH, 
a relationship of tL^tS<tH is established therea- 
mong. 25 

43. A nonvolatile semiconductor memory device ac- 
cording to claim 41 , which has a relationship of tS 
= tl_. 

30 

44. A nonvolatile semiconductor memory device ac- 
cording to claim 42, which has a relationship of tS 
= tL. 

45. A nonvolatile semiconductor memory device com- 35 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 40 
type transistor which selects the first MOS type 
transistor; 

a third MOS type transistor which performs a 
major logic operation; 

a fourth MOS type transistor which handles a 45 
signal inputted from and outputted to the out- 
side; and 

a fifth MOS type transistor which copes with a 
voltage for rewriting information of the memory 
cell, 50 

wherein when a physical thickness of a gate 
insulating film of the second MOS type transistor is 
defined as tS, a physical thickness of a gate insu- 
lating film of the third MOS type transistor is defined 55 
as tl_, a physical thickness of a gate insulating film 
of the fourth MOS type transistor is tlO, and a phys- 
ical thickness of a gate insulating film of the fifth 



50 

MOS type transistor is defined as tH, a relationship 
of tL=i tS<tlO<tH or tL<tS^tlO<tH is established 
thereamong. 

46. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor; 

a third MOS type transistor which performs a 
major logic operation; 

a fourth MOS type transistor which handles a 
signal inputted from and outputted to the out- 
side; and 

a fifth MOS type transistor which copes with a 
voltage for rewriting information of the memory 
cell, 

wherein when an electrical thickness of a gate 
insulating film of the second MOS type transistor is 
defined as tS, an electrical thickness of a gate in- 
sulating film of the third MOS type transistor is de- 
fined as tL, an electrical thickness of a gate insulat- 
ing film of the fourth MOS type transistor is tlO, and 
an electrical thickness of a gate insulating film of the 
fifth MOS type transistor is defined as tH, a relation- 
ship of tl_^tS^tlO<tH is established thereamong. 

47. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein the first MOS type tran- 
sistor includes as components a conductive floating 
gate electrode and a control gate electrode. 

48. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein the first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- 
trode. 

49. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein the first MOS type tran- 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 

50. A nonvolatile semiconductor memory device ac- 
cording to claim 41 , wherein the first MOS type tran- 
sistor includes as components a conductive floating 
gate electrode and a control gate electrode. 

51. A nonvolatile semiconductor memory device ac- 
cording to claim 41 , wherein the first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- 
trode. 
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52. A nonvolatile semiconductor memory device ac- 
cording to claim 41 , wherein the first MOS type tran- 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 

5 

53. A nonvolatile semiconductor memory device ac- 
cording to claim 42, wherein the first MOS type tran- 
sistor includes as components a conductive floating 

. gate electrode and a control gate electrode. 

w 

54. A nonvolatile semiconductor memory device ac- 
cording to claim 42, wherein the first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- 
trode. 15 

55. A nonvolatile semiconductor memory device ac- 
cording to claim 42, wherein the first MOS type tran- 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 20 

56. A nonvolatile semiconductor memory device ac- 
cording to claim 43, wherein the first MOS type tran- 
sistor includes as components a conductive floating 
gate electrode and a control gate electrode. 25 

57. A nonvolatile semiconductor memory device ac- 
cording to claim 43, wherein the.first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- so 
trode. 

58. A nonvolatile semiconductor memory device ac- 
cording to claim 43, wherein the first MOS type tran- 
sistor includes as components a memory holding 35 
fine particle layer and a control gate electrode. 

59. A nonvolatile semiconductor memory device ac- 
cording to claim 44, wherein the first MOS type tran- 
sistor includes as components a conductive floating 40 
gate electrode and a control gate electrode. 

60. A nonvolatile semiconductor memory device ac- 
cording to claim 44, wherein the first MOS type tran- 
sistor includes as components a memory holding 45 
charge trap insulating film and a control gate elec- 
trode. 

61. A nonvolatile semiconductor memory device ac- 
cording to claim 44, wherein the first MOS type tran- so 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 

62. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 55 
sistor includes as components a conductive floating 
gate electrode and a control gate electrode. 



63. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- 
trode. 

64. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 

65. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 
sistor includes as components a conductive floating 
gate electrode and a control gate electrode. 

66. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 
sistor includes as components a memory holding 
charge trap insulating film and a control gate elec- 
trode. 

67. A nonvolatile semiconductor memory device ac- 
cording to claim 45, wherein the first MOS type tran- 
sistor includes as components a memory holding 
fine particle layer and a control gate electrode. 

68. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor; 

a third MOS type transistor which performs a 

major logic operation; and 

a fourth MOS type transistor which handles a 

voltage for rewriting information of the memory 

cell, 

wherein a junction withstand voltage of a dif- 
fusion layer of the first MOS type transistor is higher 
than a junction withstand voltage of a diffusion layer 
of the second MOS type transistor. 

69. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor; 

a third MOS type transistor which performs a 
major logic operation; and 
a fourth MOS type transistor which handles a 
voltage for rewriting information of the memory 
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cell, 

wherein a diffusion layer of the second MOS 
type transistor has a structure common to a diffu- 
sion layer of the third MOS type transistor. 

70. A nonvolatile semiconductor memory device com- 
prising over the same semiconductor substrate in 
mixed form: 

a memory cell comprising a memory holding 
first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor; 

a third MOS type transistor which performs a 
major logic operation; 

a fourth MOS type transistor which handles a 
signal inputted from and outputted to the out- 
side; and 

a fifth MOS type transistor which handles a volt- 
age for rewriting information of the memory cell, 

wherein a diffusion layer of the second MOS 
type transistor has a structure common to a diffu- 
sion layer of the fourth MOS type transistor. 

71. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each comprising a memory hold- 
ing first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor, 

wherein a charge neutrai threshold value of 
the first MOS type transistor is lower than a thresh- 
old value of the second MOS type transistor. 

72. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each comprising a memory hold- 
ing first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor, 

wherein the density of an impurity existent in 
a channel of the first MOS type transistor is lower 
than the density of an impurity existent in a channel 
of the second MOS type transistor. 

73. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each formed over a p type well, 
said each memory cell comprising a memory 
holding first MOS type transistor and a second 
MOS type transistor which selects the first MOS 



type transistor, 

wherein the density of a p type impurity exist- 
ent in a channel of the first MOS type transistor is 
s lower than the density of a p type impurity existent 
in a channel of the second MOS type transistor. 

74. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein the insulating film is 

10 formed to a shape of each sidewall spacer having 
undergone an insulating film deposition process 
and an anisotropic dry etching process. 

75. A nonvolatile semiconductor memory device ac- 
15 cording to claim 71 , wherein a neutral threshold val- 
ue of the first MOS type transistor is negative. 

76. A nonvolatile semiconductor memory device ac- 
cording to claim 72, wherein the impurity is a p type. 

20 

77. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each comprising a memory hold- 
25 ing first MOS type transistor and a second MOS 

type transistor which selects the first MOS type 
transistor, 

wherein an n type impurity density existent in 
30 a channel of the first MOS type transistor is higher 
than an n type impurity density of the second MOS 
type transistor. 

78. A nonvolatile semiconductor memory device com- 
35 prising: 

memory cells each comprising a memory hold- 
ing f irst MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
40 transistor, 

wherein the distance between a gate elec- 
trode of the second MOS type transistor constituting 
the same memory cell and a memory holding region 
45 of the first MOS type transistor is shorter than the 
distance between the gate electrode of the second 
MOS type transistor and a gate electrode of the first 
MOS type transistor. 

50 79. a nonvolatile semiconductor memory device com- 
prising: 

memory cells each of which comprises a mem- 
ory holding first MOS type transistor and a sec- 
55 ond MOS type transistor which selects the first 

MOS type transistor and in each of which an 
insulating film for isolating a gate electrode of 
the first MOS type transistor constituting the 
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same memory ceil and a gate electrode of the 
second MOS type transistor from each other is 
formed of a deposited oxide film, and the de- 
posited oxide film is provided also as a gate ox- 
ide film of the second MOS type transistor, 

wherein after deposition of the oxide film, heat 
treatment in an oxygen atmosphere and heat treat- 
ment in a hydrogen atmosphere are effected on the 
memory cell. 

80. A nonvolatile semiconductor memory device com- 
prising: 

a memory holding first MOS type transistor; and 
a second MOS type transistor which selects the 
first MOS type transistor, 

wherein a deposited oxide film to which heat 
treatment in an oxygen atmosphere at 800°C to 
850° C is applied for 1 0 to 20 minutes and heat treat- 
ment in a hydrogen atmosphere at 700°C to 750°C 
is applied for 10 to 20 minutes, is used as a gate 
oxide film of the second MOS type transistor. 

81 . A semiconductor device comprising: 

MOS type transistors each of which uses as a 
gate oxide film thereof a deposited oxide film to 
which heat treatment in an oxygen atmosphere 
at 800°C to 850°C is applied for 10 to 20 min- 
utes and heat treatment in a hydrogen atmos- 
phere at 700°C to 750°C is applied for 1 0 to 20 
minutes. 

82. A nonvolatile semiconductor memory device ac- 
cording to claim 80, wherein the heat treatment in 
the oxygen atmosphere is a pyrogenic oxidation 
process. 

83. A semiconductor device according to claim 81, 
wherein the heat treatment in the oxygen atmos- 
phere is a pyrogenic oxidation process. 

84. A semiconductor nonvolatile memory device com- 
prising: 

a nitride film having the function of locally hold- 
ing charges, said nitride film being subjected to 
heat treatment in a hydrogen atmosphere. 

85. A semiconductor nonvolatile memory device ac- 
cording to claim 84, wherein the heat treatment in 
the hydrogen atmosphere includes a processing 
temperature ranging from 700°C to 750°C and a 
processing time ranging from 10 minutes to 20 min- 
utes. 
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86. A semiconductor nonvolatile memory device ac- 
cording to any one of claims 48, 51 , 54, 57, 60, 63 
and 66, comprising: 

a nitride film having the function of locally hold- 
ing charges, said nitride film being subjected to 
heat treatment in a hydrogen atmosphere. 

87. A semiconductor nonvolatile memory device ac- 
cording to claim 86, wherein the heat treatment in- 
cludes a processing temperature ranging from 
700°C to 750°C and a processing time ranging from 
10 minutes to 20 minutes. 

88. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each comprising a memory hold- 
ing first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor, 

wherein an oxide film formed by an ISSG ox- 
idation process is provided between a gate elec- 
trode of the first MOS type transistor and a gate 
electrode of the second MOS type transistor as an 
insulator. 

89. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein each of the memory 
cells comprises a memory holding first MOS type 
transistor and a second MOS type transistor which 
selects the first MOS type transistor, and an oxide 
film formed by an ISSG oxidation process is provid- 
ed between a gate electrode of the first MOS type 
transistor and a gate electrode of the second MOS 
type transistor as an insulator. 

90. A nonvolatile semiconductor memory device com- 
prising: 

memory cells each comprising a memory hold- 
ing first MOS type transistor and a second MOS 
type transistor which selects the first MOS type 
transistor, 

wherein an oxide film formed by an ISSG ox- 
idation process is used as a gate insulating film of 
the first MOS type transistor. 

91. A nonvolatile semiconductor memory device ac- 
cording to claim 40, wherein each of the memory 
cells comprises a memory holding first MOS type 
transistor and a second MOS type transistor which 
selects the first MOS type transistor, and an oxide 
film formed by an ISSG oxidation process is used 
as a gate insulating film of the first MOS type tran- 
sistor. 
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